Jon, 


the USSR 


(ZHURNAL OBSHCHE! 


TRANSLATED FROM RUSSIAN 


CONSULTANTS BUREAU, NEW YORK 


| 


THE 


GENERAL 


THE 
NGRESS 


JUL 


: 
e 
A — 
» 


ENGLISH 


w 


CONSULTANTS BUREAU 


agency the interpretation international knowledge— 


WASHINGTON. D.C. 


oD 


‘ 
4 
‘ 
— 
= = 4 - 
; 


13. 


TABLE CONTENTS 


Laws Solubility Variations II. Energy Characteristics 


Equilibriuna of: «the Systen Na aF-AlPs- ++ 21 


The System Potassium and Calcium Chromates and 


Porous Structure Catalysts and Effect upon Catalytic end Kaliko. 


the Synthesis Hydrocarbons with Centrally Located Double 


Cathode Surface and Concentration the 


Allyl Rearrangements Action Alcoholic Caustic Solutions Alkalies 


ond 3-chlor-3-methyi-hexyne-4 with Silver Acetate. 


Reactions Aliphatic Oxides with Hydrogen Fluoride al........... 


Preparation Alcohols Oxidation Olefins, the Grignard Reaction 
Synthesis 2,2-Dimethylbutanol-4 and 2,2-Dimethylpentanol-5 Using 
Ethylene Oxide and Heptanol-6; also the Syathesis 


medistes the Alkamine Ar-4-amino and Ar-3- 
Amino Derivatives of Aryl phosphoric Esters.. . Kucheroy.. ew eee 


O-3thers of Lupinine... 


Physico-chenical Investigation the System Electro- 
conductivity, Viscosity and Specific 


Oxidative and Transformations Organic 


Oxidative end Transformations Organic Molecules Study 
the the Transformations the Oxide 
of 2-Methy! 4 Naphthoquinone, ee »Shchukina & Shemy akin. tere erase 178 


‘ 
‘ 


hed 


| 
15. 
16. 
20. 
| 
26. 


146... 


147. ee 


166... 


ERRATA 


The following appear this text, result 


mechanical reproduction difficulties. These difficulties have 
been eliminated, and subsequent issues 
Page 72... 
11€. ee 
136... 


Iliegible portion. reads 
was distilled residue diluted with water and treated with 


Fractionation the reaction products yielded 14.5 


pentadiene, and fraction, boiling the range (16 mm), which 
repeated fractionation yielded 6.2 1-5-dibutoxy-3-pentene. 


0.2410 
After standing temperature for 3-4 hours heating for 


the reaction mixture poured into five times its volume cold water. The oil 
separating out initially slowly crystallizes upon standing. filtered off, 
washed with solution HCl, then carefully with water, dried and recrystallized 
from suitable solvent. 

Methosulfatemethylete inactive des-base 

Trimethoxyphenanthrene picrate 

the formic acid-formic ethyl ester and formic acid-ethyl ether systems (Figs. 
and all isoconcentrates the diagrams molecular weight... 


The formation acid (Iv) not only due the hydrolyzing 
oxide... 


derivatives with sodium bisulfite and corresponding derivatives with p-nitrophenyl- 


hydrazine semicarbezine. The acid (IV) was fairly resistant hydrolytic cleavage; 


was practically unchanged prolonged boiling with aqueous sulfuric acid, and 
also aqueous buffer solution 7.2. However, higher value, may 


undergo changes (see below). Thus, the preliminary investigation established definitely 


only the presence one carboxyl group the molecule. The presence carbonyl and 
hydroxyl groups could not although the oxygen and positive 
reaction with silver suggested their presence. 


from the system was cont inued for hours, the water the reaction flask being boiled 


remove any traces air. The vessel with the oxide was immersed 
boiling water and the boiling continued for hours while continuously passing through 


current hydrogen. The separation the reaction products and their purification 


were carried out under the conditions described experiment la. Yield: 0.25 2-methyl- 


2.3 phthiocol, and 0.4 acid. 
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ATOMIC WEIGHT PERIODIC FUNCTION: 


Shchukarey 


General and Inorganic Chemistry the 
Leningrad State University 


When the periodic law was first formulated. the element weight known, 
served foundation; although doubtful cases, Mendeleev used another charac. 
teristic the atomic number establish the sequence his system. the begin- 
ning the twentieth century the atomic number, experimentally determined measure 
ment the charge the atomic nucleus, was the basis for the periodic law. 
Since that time the element weight has been usually considered unperiodic, 
discontinuous function the atomic number, the latter characterizing the position 
the elements the system. 


Considering this function graphically (on the abscissa the atomic number, 
the ordinate the element observe that the discontinuous functions, i.e. 
the difference weight neighboring elements, are quite variable magnitude. 
These differences can conditionally distributed into classes: 


cases are negative and vary from -1.12 

positive and varies about (in the limits from 0.79 such 
differences are observed cases; 

positive and varies about the limits from 1.56 2.48; 
such 

positive and varies about \in the limits from 2.65 
such cases; 
positive and higher than varying about (in the limits 3.64 
cases, about (from 4.53 5.12, cases, and finally, one case 
5.85, another 7.07, and still another case even reaches 11. 

The principal concentration these differences off one figure after 
the decimal point) situated around basic numbers, the proximity and 


Presented January 1947. the science session the LOLGU. 


The term weight” was proposed Mendeleev. but did not receive wide circula- 
tion during his lifetime. and only now beginning used instead the previously in- 
the discovery isotopes) expression ‘‘atomic 


| 


Let look somewhat greater detail the aforementioned classes. 

Negative values are observed for the pairs elements indicated 
Table 

The three first pairs were, known even Mendeleev special, so-called anomalous 
element weights. 

the end the last century the idea that the neighbor- 
ing elements the originated, like twins, pairs since the components each 
pair showed difference from each other element weight. considered twins 
all those pairs elements whose difference element weight did not exceed the absolute 
figure 1.4. 

Therefore, the pairs considered the first and second classes would, 
according Lorentz, twins. 

similar relationship exists among many elements close each other atomic weight, 
which has been observed for some time (the first edition the was pub- 
lished 1869), and probably possesses some connection, not clear the present time, 
with the mutual relationships the elements and the periodic law.... opinion the 
above relationship can only explained conjunction with the periodic system”. 


Therefore see that Mendeleev considered significant the study pairs 
according his terminology, binaries. 


Let list the binaries the second class. The ones known Lorentz are mark- 
with asterisk, and place parentheses those which, according the considera- 
tions developed below, are not considered actual binaries, although they are close 
each other weight. (See Table 

If, following the Aston rule assume the weight 101.1 
and not 101.7, then the difference for Ru-Rh will equal 1.8 and relegated 
the third class.. 

Mendeleev also turned his attention the concept that the lightest ele- 
ments. components one another binary, are either and obser- 
ved that above-described rule significance the study the 

The author the present paper has found that the beginning the System (to 

binaries only one type are encountered, i.e. cases); after 

the other hand, binaries the opposite type are found, i.e. 

first glance contradict the second these types, but actually these elements are not 
binaries. Actually. forms binary with but not with La, since the latter produces 
binary with 3): the difference Ba-La being equal 1.56, which only 

slightly higher than the maximum arbitrarily placed 1.323 and Lorentz’ maximus 

forms binary with At, but not with Bi, which actually forms binary with 

wherein the difference equals 1.79; the difference mass the 

principal isotopes being equal americium forms binary with pluton- 

ium. wherein the difference equals (Table 3); paired with element, 

thus far unknown, transcurium No. 97. 


og 


Perissad the Greek for i.e. elements with odd atomic number and most 
often with odd-numbered weights and valencies. Artiad the Greek for 


if 
if 
+ 
rf 


Itis clear from the above that the tera used the auther 
those neighboring elements whose difference weights noticeably greater than 


clear that for all cases shown Table concerning differences the 
second class, the increase element weight accomplished chiefly another proton ap- 
pearing the nucleus, and the average increase the number neutrons zero. 
Therefore, these differences can characterized pertaining the iso- 
neutron Figure seen that the binaries lie close the 
the number which have shown the last column Table Thus, the isonectron 
(corresponding atoms with that number neutrons the nucleus, that is, 82) 
represented the straight line and No. 126 the straight line 
isoneutron triads -Ce and Po- lie the isoneutrons No. and No. 126. 
characteristic that isoneutron numbers our table are even. 


The differences (Table belong the third class. 


evident from the table that, beginning with Ge®?, the binaries marked with 
asterisk belong the artiad perissad type. 

i.e. these cases there constant difference between the number and tthe 
interest will parallel the sharply rising straight line (Figure 
ference ‘the line indicating the N-P difference 0). The triad lies approx 
imately the line OB, since the between the number neutrons and the 
protons the nuclei the principal isotopes these elemants equal zero. The 
triad corresponds the isodifference No. triads: Kr-Rb-Sr and 
are close the isodifference No. 11; the tetrad Dy-Ho-Er-Tm corresponds 
the isodifference the isodifference No. 39, and, the 
triad the isodifference No. 51. The remaining approximately 
are independent, i.e., not fall into the triads tetrads. 

see. then, that according our interpretation, out the isodifferential 
pairs, Table with asterisks) must considered binaries, since the prin- 
cipal isotopes differ mass from their isoneutrons. This difference resuits from the 
action secondary isotopes the element weight. name such binaries hidden binaries 
binaries with complex isotopic pleiads distinguish them from the binaries ex- 
amined above. 


Also, Table there are still more camouflaged binaries special type, mark- 
with two asterisks. They will discussed further below. 


The differences (Table belong the fourth class. 
Here almost rectilinear portions, consisting close, successive differ- 
course these portions are steeper than the line since they correspond the 
Mo*? and The difference mass their chief isotopes 
can expressed the greater figure for resulting from the secondary isotopes. 
Indeed, the pleiads these elements are shown Table 


The presence largs quentities light isotopes the 


element weight molybdenum and increases the presence light and lowers 
the element weight tin, and heavy increases the weight antimony; result, 

The pleiads osmium and iridium are shown Table 

The light isotopes osmium and lower its element weight and in- 


crease AE. 
The following differences belong the fifth class (Table 7). 


interesting that the greater differences, corresponding the di-, tri- and 
pertain those pairs elements the System principally before and 
partially after Ar, Kr, and Ru, and also the lanthanide and actinide series. the small 
periods from No. No. 17, and also the portions from and from 
Rh*5 there marked transition. This situation clearly seen from Table 


From Table evident that series cases, the major mass transfer chea- 
ical analogs seem periodically repeated: as, for example, the transfer from halogens 


inert gases; the transfer from and and Te; the transfers from and and 
Tl. course given case, periodicity the Mendeleev type (i.e. with classical long 
periods) not evident the theory the electronic shells, but, the hypothesis can 
expressed that this periodicity exists although camouflaged form. Figure alterna- 
ting are not evident, but the other hand the successive repetition 
regions with dense and sparse points, the latter denoting the individual element weights, 
quite marked. can assumed that periodicity not evident alternating and 
tions least two functions: one, quickly rising aad regular, and the other, periodic, 
superimposed the first, starting from the periods the System. result, in- 
stead maxima there obtained only regions sparse points, corresponding Ar, Kr, 
and Rn. 

the small periods the even element weights, known, are approximately double 
the atomic number. and the odd element weights are greater than double the atomic number, 
The even weights, calcium, proceed along the isodifferential No. the odd 
After the increase Ebecomes sharper, but can see that this growth pro- 
longed, isodifferential rise, which dependent the excess neutrons. The 
periodicity have spoken obvicusly connected with the number excess neutrons, 
i.e. with the excess greater than zero. which corresponds the isodifferential No. 
The points Figure become sparser increases more sharply, and the other hand, 
become denser when the difference between the number neutrons and protons increases more 


slowly. 


let the abscissa but the ordinate not but since this quantity makes it. 
easier consider and express the average excess neutrons over the protons for the iso- 
topic particular element. Figure expresses this relationship E~2? P). 

figure certain regions clearly project, corresponding the inert gases Kr, 
here noticed that the tendency toward increase excess neutrons 
ically repeated, which represenced complex maxima the curve. the same figure 
seen that the isoneutronic portions impart serrated appearance the curve, which the 


true binaries lie immediately the isoneutrons, but are masked the complexity 
their pleiads surrounding the corresponding isoneutrons. Various types binaries 
gallium and following are also evident the figure. The path the isodifferential 
now shown the approximately horizontal portion. evident that the equation 
(P) expressed two equations, individually the artiad and 

the serrated character the diagram will disappear, the perissad curve 
lying above the artiad curve, and after gallium the reverse. clear that the gal- 
lium point, i.e. the isoneutron No. 38, the curves will intersect. The isoneutronic 
portions, previously uniting two curves into one, now disappear, but characteristically 
the isoneutrons No. and No. 126, previously both curves, are still present. 
observed that the difference 126- and -38 are equal one another. 


Thus, besides the Mendeleev periodicity and the artiad perissad periodicity, also 
observe still third type repetition the System, represented the special iso- 
neutrons Nos. 38, and 126. 


The disappearance the serrations, which takes place upon shifting from two curves 


explain the periodicity observed must, course, shift from the average 
element the atomic weights the subelements, i.e. the isotopes the 
element pleiads. order avoid confusion. will, the present paper, limit each 


element the nuclei most widely distributed nature, which will conditionally call 
the chief subelements. 


observe that several cases pleiads, the type atom 


clearly predominate over all others absent. Thus, for example, for bromine have two 


isotopes. mixed the following percentage relationships 50.9 and 49.1; for tellurium 
there are isotopes with the contents: 33.1, 32.8, 19.0, 6.0, 4.5, 2.9, 1.6 and 0.1. 
all such cases considered the principal isotopes those which were found distributed 
quantity greater than Further experimental work may, some cases, change the 
choice the chief isotopes, but any case diagram obtained the present data 
which convincing its simplicity and orderliness. 


This relationship for the principal artiad and perissad subelements in- 
terestingly presented Figure 


For simplicity and avoid consideration errors mass, prefer represent 
difference mass, but the difference the total number neutrons and the number 
protons the corresponding nucleus number excess 


Examining the diagram, see that the perissad curve has simpler construction than 
the artiad the principal perissads being situated geometric pattern, passing 
alternately from horizontal plateau becoming more infrequent and shorter toward the 


end the system, more vertical, coinciding with the rise. three 
places does drop occur instead rise. 


The first these corresponds shift from where the number ex- 


cess neutrons falls from zero. After nitrogen the curve once more returns the 


ordinate but this temporary drop does not affect the course the curve, being 
caused only specific characteristic nitrogen, that is, the prevalence the 


one, accompanied, course, the appearance horizontal isodifferential portions. 


/ 


isotope nuclei with even mass and odd charge occur, known, 
four elements the beginning the systen. 


Even more important the second drop from 
where the excess neutrons falls from 23, this drop continuing the perissad 
the end the system. Analogously, there isoneutron drop from 
The inclined segments the curve for the principal perissads with three exceptions all 
have the same slope, that is: for each two new protons there are four neutrons, i.e. the 
number excess neutrons increases two units; this corresponds the increase the 
atomic weight units upon increasing increase units upon increasing 
one. The three afore-mentioned exceptions, that those affecting the slope 
curve, will now considered. 


Two these are the transition from and from 
both cases the increase, steeper than usual, corresponds increase the 
mass the principal isotopes not but units, i.e. for protons there are not 
but the number excess neutrons therefore increases not but units. 


characteristic that both increases lie the chemical analogs silver and 
gold, which again reminiscent the Mendeleev periodicity. 


The transition from copper gallium also possesses specific characteristic, but 
another kind here phenomenon takes place which not repeated any other part 
the system. the intersection the perissad and artiad curves. 


The third these aforementioned exceptions the transition from 
the increase here especially sharp, the mass increase being equal 12, i.e. for two 
protons there are neutrons. The number excess neutrons increased 


connection with the simple structure the course taken the principal isotopic 
perissads wil] assume that the perissad curve have studied the stem the 
system elements This hypothesis, shall see later, seems suitable every case. 


The artiad curve the principa] isotopes, general parallels the perissad 
with the very exception one location, where the curves intersect; besides 
several positions the system the principal artiads fall either below 
the main path. This indicated the diagraa pointers. After each 
these variations. which depend upon the isobars, discovered 1922, the 
artiad curve returns its principal path. parallel the perised curve. These variations 
are quite numerous, but still not alter the evident parallelism the paths. 


was just mentioned, the single irreversible departure from the parallelism 
cbserved the transition from which sharp that the artiad curve 
the perisad curve point corresponding The rise from 

units once, corresponds increase protons and neutrons; here the 
number excess neutrons increases units. This rise still sharper than the transition 


Since general the artiad curve parallels the perissad curve, self evident. 
tha: there sharp rise the artiad curve from and from Hg, analogous 


the iscneutron the perissad Pr, there analogous drop the artiad 
curve from Ce. result the portion from both curves coincide but 


i 


not intersect. 


the second isoneutron the perissad At, there analogous drop the 
artiad curve from Po. easily seen that result the parallelism the 
curves, the principal artiad and perissad isotopes, generally speaking, are broken into 
isoneutron pairs, with the exception, course, those cases the iso- 
bar artiad deviations complicate the diagran. 


Also clear that result the intersection the curves, the pairs be- 


fore gallium are constructed differently from those after gallium. Gallius itseif not 
paired. 


can seen, there are two rules: 
the principal artiads are greater mass one over their 
with the exception Be, Ar, and Ni, where the 
are evident and special conditions characteristic for the beginning the 
Actually have normal pairs: 
and pairs, complicated the artiad deviations: 


«He instead 


-H 3H aHe, 


Following gallium the principal artiad isotopes, the other hand, are less 


mass one than their perissad pairs, with the exception Se, Zr, Te, Nd, Er, Pt, 
where the isobar deviations are present. 


Actually, there are normal pairs: 


and pairs. complicated the deviations: 


Element 97, would probably form complex pair with 


Thus, there are pairs, the unpaired and deviating pairs. 
these. cases are explained the speciai characteristics present the beginning the 
system, and the remaining may explained the artiad deviations. the 
deviations, deviate upward from the principal path, upward); 


and the remaining are characterized downward motion, i.e. decrease mass: 


Purther material these special artiads ana their connection with the anomalies 
separute paper. 

Prom Figure evident that the system elements divided into four parts 
the isoneutrons No. 38, No. 82. and No. 126. 

From the beginning the the gallium (up the intersection 
the artiad and This region includes the elements most widely distributed 
nature. 

From gallium lanthanum, which the artiad and perissad curves, small 
portion, coincide and drop, since the chamge mass the five principal neighboring iso- 
topes only equal one: 


The series begins here. 


From lanthanum bismuth, which the region stable isotopes ends, the artiad 
and perissad curves. the previous case, coincide and drop, since the principal isotopes 


the four elements change mass successively one; 


From the end the system the region the radioactive elements. 

crease the number protons and neutrons: the atomic mass lanthanum greater than 
the atomic mass gallium 70, this difference corresponding increase protons 
and neutrons. and lanthanum also have difference 70, consisting pro- 
tons and neutrons. The same difference holds between and 

the basis the material presemted, conclude that the nuclear periodicity 


than the periodicity the electronic shells, and expressed least 
manners: 


the alternation the evem and odd elements with their 
peculiarities; 

ina periodicity reminisceat the usual, classical periods the electronic 

the division the nuclear system into four parts the isoneutrons No. 38, 
No. and No. 126. 


The first these three periodicities was discovered Harkins and recently in- 
terestingly developed Semenchenko and 

The second was observed the authors the present paper 1922 and published 
form antiquated present standards. 


Further, the conception periodicity was developed new and original manner 
I.P. Selinov. who independently neutron proton theory the 
The third type periodicity observed the author 1946. 


The complexity the nuclear pericdicity possibly results from the proton-neutron 


the basis the material presented, may propose the following formulation 
the Periodic Law Mendeleev: 


“The physical and properties the dependent upon the electron 
shells and also the element weights are periodic functions the number particles 
composing the shell the nucleus. the number electrons the first case) the 

number nuclons and protons, where the nucleus 


must noted that the observation made years ago D.I. Mendeleev the 
probable connection between the existence binary elements and the mutual rela- 
tionship the have been confirmed our discussions, which have also brought out 
new ideas arising from the thesis the parallelism the principal artiad and perisad 
paths. Another observation D.I. Mendeleev the two types binaries (the lighter 


artiads and perissads) finds its explanation the intersection the perissad and artiad 
paths 


CONCLUSIONS 


Binary elements the beginning the system (to gallium, consist pairs, 
which the former are perissadsand the latter after gallium, the other hand, the 
former are artiads. 


elements. the principal isotopes which differ mass one. are 


considered there are total such binaries. the binaries are 
added those elements whose principal binaries would differ one, they were not artiad 
deviations. then another pairs would added. Thus, elements consist pairs, 
Gallium does not form pair; Curium will form pair after the discovery element No. 97. 


The system the principal isotopes contains two isoneutron divisions: 

The system divided into parts the No. 38, No. and No. 126. 

The difference between lying the isoneutron No. and situated the 


neutron No. nucleons. that is: protons and neutrons. The difference between 


the number excess neutrons those atoms situated around argon, krypton, 
xenon and radon, recurring anomaly reminiscent the Mendeleev periodicity. 


The element weight. the chemical characteristics the elements 
special type periodic functien the atomic number. 


LITERATURE CITED 


allg. anorg. Ch., 12, 320 (1896). Fundamentals Chemistry, 599, 8th 
edition (USSR). Journal the Russian Physical and Chemical Society, 1924, 447-476. 
Progress Chemistry, (USSR), 1946, 665. Journal Experimental and Theoretical 
Physics (USSR), 666 (1934). 


Table 


iso- 
neutrons 


080 690 

2.35 

998 

994 1.56 


reason believe that the element weights Tm. and are not equal 
169.4; 173.04; 193.1 and 197.2, but: 168.9; 173.2; 192.2 and 197.0. Then the 

Yb Llu 1.79 Pt - Au ee 


. 
TABLES 
Table 
Number 
Table 
ee Re 38 
oe Ir - Pt 2.13 
. 
~ 


14.% 
9.4% 
16. 
9.65% 


assumed that the element Ru, Sm, and are 101.1; 150.1; 158.9; 


192.2° and 197.0. then 

3.56 

official tables. 193.1, but judging from the isotopic composition, this figure exag- 


gerated and would close 192.2. i.e and not 2.9. this case the pair 
relegated the third class. 


the element weight and would 168.9 and for would equal 4.3. 


‘ar 
Table 
gato 95 days 15.5% 3880S 13.3 
1a Sa 9. 1690S 16. 1 
inom 5.5 12350 44% 
Table 


Figure Element weight 
number. 
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LAWS SOLUBILITY VARIATIONS 


ENERGY CHARACTERISTICS POINTS 


SYSTEMS 


(Leningrad) 


Introduction 


systems were thermodynamically examined employing the concept nominal pressure, and the 
hypothesis was made that the pressure the saturated vapor solution and pure 
solvent vary exponentially with the temperature. 


the present paper, which presents logical development this, study made 
energy-characteristic deviations actual equilibria for polytherms multicomponent 
systems from ideal equilibria, these being determined the law mass action. 


examples. calculations are presented for systems with different types solubil- 
ity variations. 


Product and Solubility Product 
For the equilibrium the system: 


solid substance saturated vapor 
under standard conditions 
where the active concentration the dissolved substance. 
Let examine the case equilibrium (1), where the dissolved substance the 
electrolyte which dissociates water according the 
Let assume that under conditions the molar saturated 


solution electrolyte equals mols per 1000 mols water). 


shall employ the following symbols: 
fur the concentrations the ions 


for the active concentrations the ions 


e 


where and are the activity coefficients. 


conformance with condition (2), have: 
where the activity product 2), 


the activity coefficient approaches one, then follows from equation (5) that 
the active concentration the ions become equal the concentration the ions, i.e. 
lim 
(7) 


The activity product under the conditions (7) called the solubility product: 


(8) 


“the magnitude which calculated from equation (6), indicates that the activity co- 
efficients are equal one: 


Introducing the magnitude define 


(10) 


appears saturated solution measure the deviation for each individual com- 
ponent from the actual equilibrium multicomponent system and determined from the 
activity product for ideal equilibrium and from the solubility product two component 
systems: the electrolyte this case water. 


From equations (6) and (9) follows: 


i.e. the greater the activity product differs from the solubility product, the greater 
the difference the activity coefficient from one, and the greater the magnitude 
and 
The magnitude can assume the following 
where this corresponds the case when the actual equilibrium 
than the theoretical; 


where =1, this corresponds the ideal behavior dissolved 
substance; 


~ 


where this corresponds the case when the actual equi- 


i 


librium greater than the theoretical: 


Therefore, general can written: 


For process (1), the equilibrium constant which characterized constant 

activity product (6), the following equation valid. 

where the loss free energy the system the examined process and the 


absolute temperature. 


For the situation determined conditions (7), equation (13) can rewritten 
the following manner: 


Let examine the difference variations the free energies AF, and AF,: 


This difference energy characteristic deviation the actual equilibrium the 
system from the ideal equilibrium. 


Substituting equation (15) the symbols for free energies from equations (13) 
and (14; and taking equation (10) into consideration, obtain: 


From equation (16) follows that the magnitude can considered re- 
duced equilibrium constunt saturated solution. 


Corresponding equation (12) can then state: 


Basic 


Let take three-component water-salt 
monovalent anion 


for example, one with the same 


Let assume that under these conditions the formation chemical compounds be- 
tween the components the solution does not occur. 


the given case the solubility isotherm will consist two branches, correspond- 
ing solid pheses and crossing the eutonic point. 


The basic symbols for solubilities {in per 1000 mols and for other 


tudes are presented Table 


Basic ‘Symbols 


Mitua) solubility for polytherms. ...... 
Reduced equilibrium constant for 
Change free energy for polytherns 


I . 
| 
| 
. 


Polythermal Variations the Reduced Equilibrium Constants and 
the Free Energies 
Let examine the polythermal variations the reduced equilibrium constants 
and the free energies for the eutonic: points three component systems. 


Using the symbols given Table the following formulas are obtained: 
for the reduced equilibrium constants: 


for the variations free energy: 


was shown previous work the individual and mutual solubilities 


change with the temperature. 


exp +b) (22) 


Removing and from equation (19) the use formulas (21) and (22), 
may. applying the theory series, express the reduced constant (19), with suffi- 
cient degree accuracy as: 


logarithmically as: 


and are constants. 


From equation follows that the axes the logarithms the 
reduced constants should expressed the graph straight line. 


Substituting from equation (24) equation (20), obtain: 


where and are constants. 


From equation (25) seen that the change free energy with temperature 
follows straight 


examples, confirming the accuracy the conclusions obtained the relation- 
ship the reduced equilibrium and the change free energy with tempera- 
ture. will present appropriate data trinary polythermal systems with various 
teristics solubility change 

The given trinary system characterized the fact that the combined solubility 


the cutonic point less than the individual solubilities. 

Calculations, derived the experimental data Kurnakova and 
and Korneka and are shown Table The calculated results are shown 
the illustrations: relationship given Figure and the relationship 


The data Kurnakova and Osokorevoi are indicated crosses, that Korneka 
and Krombakha circles. 


From the two cets experimental data solubility (Table evident 
that they differ somewhat from each other, which turn causes significant deviations 
and AF. 


For sodium chloride the change and follow equations (24) and (25). 


For potassium chloride the deviation greater, result which the change 


The given trinary system characterized the fect that the combined solubil- 
ity the eutonic point greater than the individual solubility. 


The calculations, based upon the experimental data are shown 
Table The calculated results shown Figure indicate that formulas (24) and (25) 
are also accurate this case. 


study was made deviations actual equilibria from ideal equilibria for 
components the entonic point systems obeying the law mass action. 

The concept was presented reduced equilibrium constant, characterizing 

was shown that the logarithm the reduced equilibrium constant varies with 


was brought out that the reduced equilibrium constant varies exponentially 
with the reciprocal the temperature. 


was shown that straight line relationship exists between the change 
free energy for component system and the temperature. 


Examples are given, demonstrating the accuracy the conclusions obtained. 
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EQUILIBRIUM THE SYSTEM NaF ALF3 


the present time was believed that two sodium fluoroaluminates existed 
nature: cryolite, with the formula and chiolite, which the formula 


From study the phase diagram for the system NaF Fedotiev and 
established the existence these They also observed that cryolite forms 
mixed crystals with aluminum fluoride. Concerning the formation mixed crystals their re- 
sults agree with the observation Lorentz investigation the equilibrium 
this system carried out Pushin and Baskov gave results agreeing general with 
these Fedotiev and but they ascribed the formula 3NaF cryolite. 
now systematic investigation aqueous medium has not been carried Very few 
observations the production individual fluoroaluminates have been encountered the 
literature. 


Berzilius Deville [5], and Kugler have reported the production 
sodium from aqueous solutions. Beau indicated the possibility 
obtaining cryolite the hydrate the hexafluoroaluminate, mixing 
equivalent quantities the fluoride solutions. However, upon further tests Beau’s 
findings were not confirmed. The cryolite obtained under such conditions did not contain 
water crystallization, and the molecular ratio Na: the precipitate obtained was 
2.8. The same composition characteristic precipitate prepared under other con- 
ditions, particular the precipitate separating upon the complete neutralization 
fluoroaluminic acid with sodium hydroxide. 


Upon partial neutralization with sodium hydroxide equivalents were taken), 
precipitate separates the same temperature with Na:Al close one. 


and Talipov [9] confirmed the fact that upon addition solution 
soluticn sodium fluoride, the ratio Na:Al (but not added the 
order, they obtained precipitate exactly similar that the al- 
though they did not analyze the precipitate obtained. later work, appearing print 
after the completion our work, one the former authors, Tananaiev [1% 13], based upon 
systematic investigations concluded that two fluoroaluminates existed. The hexafluoro- 
aluminate, incongruently soluble compound, exists equilibrium with solutions containing 
over 1.4% NaF. Where the concentration sodium fluoride lower the composition this 
incongruently solubie compound corresponds the formula 


Assuming the existence the hexafluoroaluminate stable compound aqueous 
solution. indicates that the molar ratio natural cryolite 2.72 


The application electrolytic methods did not throw much light the question 
the equilibrium the given system. 


Tosterud measuring the electrical conductivity fluoroaluminate solutions 
found that the maximum resistance the solution corresponded molar ratio 


. 
— 


Riss and using the same method, conducted more systematic investiga- 
tion the equilibrium the given system, but result incorrect selection 
the Na:Al ratio impossible draw any kind conclusion from their results. 


The data the literature show variation the the double 
fluorides the two metals, and neither does throw light upon the conditions for the 
equilibrium the system NaF However, investigation the equilibrium 
this saline system great practical importance basis for the manufacture 


Starting Materials and Method 


starting materials for the investigation the equilibrium the given system, 
sodium fluoride and the trihydrate aluminum fluoride well the fluoroalum- 
inate, prepared the neutralization fluoroaluminic acid with sodium hydroxide. Sodium 
fluoride was prepared the double decomposition reaction between solutions ammonium 
fluoride and sodium carbonate, drying the precipitate and then heating around 
700°C. The ammonium fluoride was prepared from c.p. hydrofluoric acid saturating 
with gaseous ammonia and doubly recrystallized The aluminum fluoride was obtained 
from metallic aluminum and c.p. hydrofluoric acid. 


Since the given system characterized low concentrations, was found neces- 
sary prepare large volumes the equilibrium solutions. Since the amount the solid 
phase was quite small relation the large volume solution, change its composi- 
tion did not cause significant change the composition the starting solutions. 
ensure high accuracy analytical determinations was necessary take large quantities 
the solutions, several cases amounting 200 


The composition the solid phase was established analysis the precipitate 
separating out from the equilibrium solution and washing with water, alcohol and ether. 
several cases the double method Schreinemakers was used for verification. 
Were the radial structure crystallization for each solution was used for analyzing the 
double residues”. This method was since the plotting various points the solu- 
tion and the graph with equal divisions was not practicabie possibility. 


The solid phase was also studied microscopically, the index refraction being de- 
termined the immersion method. The electrical conductivity method was also used inves- 
tigate the equilibrium the given 


The measurement electrical conductivity means the Wheatstone bridge was 
carried out according the procedure developed Semienchenko al. 


The structure the cell was taken from that Riss and 


For measurements temperature 25°C, the cell well the vessel for pre- 
paring the equilibrium solutions (which were carried out thermostat for 6-8 days) 
were covered with layer carefully purified paraffin. temperature the work 
was conducted glass. the test being kept for shorter time the thermostat. For meas- 
urement electrical conductivity the cell was placed the thermostat. 
Experimental Results and Discussion 


Table are shown results analyses saturated solutions, and the solid 
phases equilibrium with these solutions, obtained the temperature 


study the given system, noted above, presented great difficulties. The 
centration each component was changed hundreds times, lowering them very small con- 
solutions containing NaF amounts greater than 0.4% the usual gravimetric 


Apparatus was set with the assistance A.A. Chierbakov, scientific coworker the 


Institute. 


- 


methcds were not successful revealing the presence aluminum, the 
weight, which reached 200 grams. the other hand, solutions with high concentration 
the detection very small changes the concentration NaF could carried 
out only the expense accuracy the analyses. result the change composition 
the solution this region not definite. These difficulties make practically 
possible represent the results graphically. 


The investigation solid phases the application the double residue method 
Schreinemakers was hindered the fact that the various points different solutions, 
even with such large segments those the chiolite crystallizations, were shown lie 
straight line. This explained the fact that the solubility curves the solu- 
tions merged into one point when practical scale units was used. 


The radial crystallizations for the last two solutions shown Table are also 
practically identical, spite the fact that the NaF concentration one double 
that the Therefore this method could not used determine the composition 
the solid phases formed chiolite and aluminum fluoride. obvious, then, that the 
solubility curve this region should characterized very small spread. 


Determination the index refraction for the solid phases also met with diffi- 
culty, caused the small differences their magnitudes and also the small size 
the crystals. Although the index refraction does not present completely clear picture 
does, some degree, facilitate the interpretation the analytical results. 


First must shown that the determination the crystal refractions established 
the uniformity the crystals those solid phases the composition which given 
Table 


According the index refraction, four groups solid phases can differen- 
tiated. 


the first group are included those solid phases (experiments Table which 
composition and index refraction correspond the trihydrate aluminum fluoride. 


The incompletely described crystals the second group (experiments Table 1,) 
have varying compositions and are found equilibrium with solutions varying composition. 
Their indices refraction are also not constant. form, the crystals the seeond group 
are reminiscent the trihydrate. Here very small aggregates were observed amid separate 
small crystals. The variations this small section qualitatively comply with the formation 
solid solutions. 


The third group solid phases (experiments 7-11, crystals 
composition and practically identical indices refraction and the same time 
are found equilibrium with solutions varying compositions Therefore, definite com- 
pounds exist this section. 


The fourth group solid phases (experiments 12-21, Table consists precipit- 
ates varying composition, found equilibrium with solutions different concentrations. 
some the indices refraction for crystals this group could not obtained. 


Thus, can definitely stated that only one compound exists this system be- 
Sides the trihydrate aluminum fluoride. The composition this compound corresponds 
that the natural mineral chiolite and also the composition the chio- 
lite 3NaF discovered the study the anhydrous system NaF. According 
our analyses the composition this compound averages closer the form- 
ula given Pushin and Baskov [3] than the formula natural chiolite 
determined Fedotiev and Ilinski [+]. 


The question crystallizes from solutions containing AlFs from 


Initial tion contains 


con- 
tains (in 


Cryolite 
Chiolite 
the 


= 


end 
Chiolite 
I%3°3H20 end 


Chiolite 
Tne sane 
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0.40 
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the uoroeluain i 3) (%) System of NaF -A1Ps-H, 0 Al 


solution Loss 
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52.45 
54.37 
55.92 
0.65 
1.38 52.17 


Table 
NaF 093 49.81 1294 17.56 0.63 1.336 
0.033 20.00 18.25 11.58 0.90 1.369 
0.75 0.038 19.67 4.87 1.360 
—0.50 0.046 55.05 18.30 1.73 1.353 
water 0.014 0.051 16.72 1.92 
NaF 0.016 0.073 53.60 2.14 1.343 
—05 found 0.40 1441 3262 2.66 1.340 
e 
at 600% fluoro- 
4 in the No. ing Ld Al 
300 
277 
[Ne esist- Speci fi 


with practically constant concentration NaF. 


Upon further decreasing the concertration aluminum fluoride the NaF content 
the solution begins increase, the concentration the solid phase components gradually 
changing increase the molecular ratio. But even when the equili- 
brium saturated with NaF, the precipitate obtained possesses the molecular 
ratio 2.7 2.8. For this reason the crystallization the hexafluoroaluminate 
from aqueous solution was not attained. The variable composition solutions this 
region and the changing composition the precipitates associated with these solutions 
the equilibria experiments 12-21, Table 1), indicate the presence the solid phase 
solid solutions chiolite aluminum fluoride. 


Also, when the concentrations aluminum fluoride higher than solutions 
chiolite, the concentration precipitates with variable compositions explained the 
formation solid solutions chiolite aluminum fluoride. 


conformance with the above concerning the quantity and properties the pre- 
cipitates formed well the phase changes occurring, equilibrium diagram for the 
systtem may formulated. may noted that the composed five 
segments. The first segment that for the aluminum fluoride. The 
second, concerning which can only discuss hypothetically, that the crystallization 
solid solutions chiolite aluminum fluoride. The third segment, the largest, 
that saturated solution chiolite, and with noticeable sharp break this segment 
proceeds tto the next segment solid solutions chiolite sodium fluoride. The last 
segment follows, that the crystallization sodium fluoride, which did not investi- 
gate. 


The results Table confirm the observations Yatlov the possibility 
separating from concentrated solutions fluoroaluminates the tetrafluoroaluminate corres- 


ponding the formula which does not crystallize from solutions stable 
solid phase. 


All the precipitates with the exception the third were obtained saturating 
almost neutral solution aluminum fluoride with The sodium fluoride 
was added solution amount not exceeding 0.1 parts over that amount required for 
the complete combination the tetrafluoroaluminate. The third precipitate was 
obtained saturating solution fluoroaluminic acid with sodium hydroxide added 
quantity 0.1 parts less than the amount required for complete neutralization. 


Thus. independent the concentration the solution (within the limits 
and its initial acidity precipitate the could formed 
75°C, the composition which rather similar the composition the monoaqueous 
salt. The fluoroaluminate corresponding the formula 3NaF not only was not found 
stable form. but our observations refuted the possibility obtaining even the 
form metastable phase. 


the conditions described Tananaiev for obtaining well precip- 
itation fluoroaluminic acid with ratio the initial components 3.5, 
could obtain fluoroaluminate with ratio 2.7 2.8. The compositions 

the are shown Table 


should noted that precipitate the composition Table experi- 
ment having well defined octahedral form and several size was obtained 
using evaporation 75°C solution with initial concentration 
9.014% and molecular ratio Na/Al 4.1. 


and the diagram are given the results electrical conductivity 


‘ 


measurements saturated solutions obtained dissolving solid and NaF 
temperature 75°C. the table are also found analytical data characterizing the com- 
position these solutions and the solid phases found equilibrium with then. 


The formation chiolite, evident from Table and the diagram (experiment 
distinguished drop the specific electrical conductivity the solution 
rated with the given solid phase. The specific electrical conductance here lowest 
this being evidently connected with the lowest solubility the solid phase. 


The type specific electrical change observed repeated 
this case the saturated with chiolite has the smallest specific electri- 
cal conductance. The formation solid solutions chiolite with fluoride causes 
gradual increase the electrical conductivity the solutions until solution 
reached which the solid phase appears solid solution with the maximum 
ratio. Then sharp increase the electrical conductivity takes place. 


may surmised that the sharp rise specific electrical conductance observed 
either temperature, beginning with molecular ratio 2.4, may explained the 
solubility limit chiolite the solid sodium fluoride. must noted that the limit 
solubility determined the electrical conductivity method than the limit 
obtained the determination the precipitate composition according the method 
Schreinemakers. 


CONCLUS IONS 


partial investigation the isothermal equilibrium the system NaF 
the thermostatic method well the electrical conductivity method established 
the fact that besides the trihydrate aluminum fluoride there exists only one compound, 
corresponding natural chiolite. 


This compound forms uninterrupted series solid solutions with aluminum 
fluoride and sodium fluoride, which the molecular ratio Na:Al 2.7 2.8 
governed the limit solubility solid chiolite fluoride. 


The sodium hexafluoroaluminate was not separated even the form meta- 
stable compound. 


The existence sodium tetrafluoroaluminate stable phase was not shown, 
but was established that could separated salt from concentrated 
aluminum fluoride. 


The double fluoride sodium and aluminum incengruently soluble water. 


Based upon the results the investigation, the solubility curve consists 
segments: the segment for the crystallization aluminum fluoride which shifts, con- 
ditionally, into the segment solid solutions chiolite aluminum fluoride. The 
largest segment all next that the chiolite. The fourth seg- 
ment that solid solution chiolite sodium fiuoride, and finally the fifth, 
which did not investigate, and the segment for the crystallization sodium fluoride. 
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THE MUTUALLY IRREVERSIBLE SYSTEM POTASSIUM AND CALCIUM 


CHROMATES AND NITRATES 


Kitrov 
Laboratory General Chemistry the Voronsk Pedagogical Institute 


study the phase diagram for potassium and calcium chromates and nitrates was 
undertaken because the need the petroleum industry for good saliferous heating 
medium. having low melting point and thermally stable 450° 500°c. All 
the components the given system are strong iron corrosion inhibitors; therefore this- 
heating medium, seems us, definite interest for industry and particular 
for the catalytic cracking industry. 


The excellent work Rostkovski served basis for the study the 
given system. showed that the eutectic temperature the binary system 
found 145°C. Such low melting temperature the nitrate mixtures led 
believe that the introduction chromates into the melt would lower this tempera- 
ture more, thus leading the possibility that the low temperature limit the 
heating medium would acceptable industry. 


However, the data Rostkovski for the binary system dif- 
fered markedly from the results Menzies and Dutt [2] who showed that this system had 
Simple eutectic For our purpose eutectic temperature 210°C was useless, 
being too high. Therefore decided test the data both authors. Visual observa- 
tions points the binary system indicated almost con- 
plete similarity our data with the data A.P. Rostkovski. For more precise deter- 
the eutectic temperature studied the heating curve for 
mol which indicated eutectic pause 142°C. The heating curve was stud- 
ied the use Engineer Simonov’s automatically recording pyrometer. 


Thus. the lower temperature limit the binary system, being equal was fully 
applicable basis for the study the composition the chromate nitrate heating 
medium. The question the top temperature limit interest only relationship 
the thermal instability calcium which decomposes somewhat higher 
ture than that its melting point. But the melting point calcium nitrate, any 
case greater than 500°C, being equal 560°C according the data Afonski and 
[4] and A.P. Palkin According our observations the melting point 
530°C. 


Concerning potassium nitrate, A.G. Bergman showed his investigations that was 
thermally stable almost and that potassium and calcium chromates were therm 
ally stabie even higher temperature. Since for the purposes catalytic 
ing temperature 450°C required. evident that the heating medium potassium and 
chromates and nitrates applicable industry not only because its low 
point but also because its satisfactory thermal stability. 


~ 


Because the decomposition the nitrates the diagram this mutual system 
could investigated only 530°C. Also, since the reaction sharply proceeds the 
side the stable pair the portion the diagram studied not 
large and tends toward the quadrant 


BINARY SYSTEMS 


The system potassium and calcium nitrates was first studied 1911 Menzies 
and Dutt [2] who showed that simple eutectic existed this system 210°C for mol 
and mol 1930, A.P.Rostkovski subjected this system, anew, 
very careful Working with the visual polythermal method, the author 
the existence the system the chemical compound which 
melted 174°C. The eutectic being the intersection the melting point for 

Rostkovski noted that the melt the middle portion. hardened into 
mass and could iain such condition for several days, this situation re- 
sulting from slow equilibrium fixation. The melt, composition close that the 
eutectic, formed thick, viscous mass the crystallization point. Crystallization 
could only obtained seeding and with continuous, vigorous agitation. Menzies and 
Dutt, who studied this system using heating curves plotted with small number points 
naturally could not observe all the above characteristics the system, and could not 
testify the existence compound. 


Table 


Melt Mol Average crystallization Melt Average crystallization 
temperature number temperature 

336 527 

325 524 

345 

364 

383 

520 

444 534 


studied several points this system and ali cases obtained very good agree- 
ment with the data A.P. Rostkovski. The heating curves which prepared for 
tions close the eutectic, and which were conducted using Engineer pyrometer, 
indicated the existence eutectic point temperature 


First studied [8]. found the eutectic point 295°C and mol 
The eutectic temperature which established quite higher, that 321°C and 
1.5 mo! data coincides quite well with The divergence the 
determination the eutectic temperature can the melting point potas- 
sium nitrate, which was determined 320°C (Table Diagram 1). 


Studied Here have eutectic 512°C and 2.5 mol (Table2, 
Diagram 


* 
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DIAGONAL CROSS: SECTIONS 


The potassium nitrate branch very short and drops steeply the eutectic point, 
situated temperature 317°C and 0.75 mol (Table Diagram 3). 


The metastable diagonal, resulting from the decomposition calcium nitrate, can 
only studied 530°C. The eut ctic point the intersection the branches for the 
crystallization calcium nitrate with the product the double decomposition reaction 


Table Table 


Melt Average crystallization Melt mol Average crystallization 
number temperature number temperature 
324 522 
440 508 
518 
530 


DIAGONALS TRINARY SYSTEMS 


clarify the question the nature, position and magnitude the regions, 
internal trinary cross-sections were investigated. All the cross-sections can conven- 
examined dividing them into two series. 


All the cross-sections this series originate lateral sides, pertaining 
potassium and calcium nitrates and are directed toward the potassium chromate side; all 
these consist two branches. The five branches pertaining the nitrates are slightly 
slanted and very short, occupying all, several hundredths percent. Therefore, 
conveniently read the figures had enlarge the scale times. The second branch 
these cross sections pertain calcium chromate, whose region occupies almost entire 
quadrant the system. 


The branch for the separation the first calcium nitrate crystals intersects the 
branch pertaining calcium chromate 392°C and (Table Diagram 5). 


The intersection the takes place 183°C and 0.05 


Cross-section No. originates frox eutectic point the binary system 
The principal purpose the cross section study the permissible mixture 
chromates the eutectic KNOg which would not increase the melting point. 
The eutectic point the given cross section situated 140°C and 0.03 mol 
introducing another 0.01% into the melt, the temperature raised 226°C, and 
concentration 0.05 mol the chromate first crystals are observed separate 


The diagram consists two branches. The melting-point curves nitrate 


~ 


~ 


and intersect 192°C and 0.03 mol (Table Diagram 5). 


Table 
Cross Section No. 


Melt Mol Average crystallization 
temperature 

398 

396 

0.1 394 

0.12 400 

0.15 460 


Cross-Section No. 


Table 


Cress Section 
Melt Mol Ave. 


No. 


Who = 


those trinary pcints where the 


teaperature 
142 
141.5 
0.02 141 
141 
226 
0.05 370 


Table 
Cross Section No. 


Melt Mol 
number 
0.06 


Average crystallization 


temperature 


196 
194 
255 
440 


The curves pertaining and CaCrOz intersect 265°C and 0.07% 


Table 

Cross Section No. 

Melt Ave. crystal- 
No. lization 

temperature 

193 

192 

0.05 340 

434 


2nd Series. Cross sections Nos. and 


Table 


Cross Section No. 


No. 


Mol 


Ave. crystal- 
lization 
temperature 

268 

267 

266 

354 

481 


The secend series cross sections have their purpose the explanation the 
coincident crystallization lines potassium and calcium chromates, and the positions 


and regions converge. 


The presence 


the above trinary points and the direction the coincident crystallization lines per- 
mit the drawing the conclusion that there isomorphism for the calcium and potas- 
slum chromates and that the eutectic point the binary system situated 


potassium chromate. 


Cross secticn No. 


The diagram has two branches. 


Cross section No. 


The analogous the previous one. 


The potassium branch intersects the curve 

where the first crystals separate out, and 0.32 mol (Table 
10, Diagram 


place 388°C 0.40% (Table 11, Diagram 6). 


The system has three nonvariant points and 
can visualized crystallization projections the system the lateral side 


The intersection the branches takes 


the quadrant for the system whole, see that almost the entire 
diagram occupied the calcium chromate which the most refractory component. 


8). 
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The temperature the trinary points 


530 
525 
518 
505 


550 


500 

400 
300 


370 200 


250 


350 150 


Diagram cross sections Diagram Crystallization 


Diagram Trinary cross sections 


| | 


Pd 
475 
425 
400 
350 
275 
250 
225 
175 
ace 
Diagram 


Table Table 


_No. ation temperature tion temperature 
0.14 0.15 396 
0.26 358 0.37 390 
0.59 390 404 


1.23 440 0.87 421 


Table 
Composition the Liquid Phases and Temperature the Non-variant 


Composition the Liquid Phase Temperature Solid Phase 
oints 


KNOg 


CONCLUSIONS 


The mutually irreversible system the nitrates chromates potassium and 
calcium was studied temperature interval from 140 


New experimental confirmation was the position taken Prof. A.P. Palkia 
who introduced the principal that phase systems the direction the reaction moves to- 
wards the side containing the most refractory component. 


the basis the diagram study mutual system for use heating medium may 
presented with the following 49.00 mol 50.97 
mol 0.03 mol% 


The given heating melts 140°C and completely stable temperatures 
190°C the melt exhibits viscous character, but when the temperature 
raised the viscosity quickly and 200°C the melt becomes mobile liquid. 
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POROUS STRUCTURE CATALYSTS CATALYTIC ACTIVITY 


Agaf and M.A. Kaliko 
Central Institute Aviation Fuels and Oils 


heterogeneous catalytic reaction characterized its rate being function 
the surface contact the reacting materials Neglecting the action the 
catalyst, the activity proportional the specific surface. The physical and chemical 
state the surfece has not been considered this paper; assumed that the pro- 
perties the surface are identical all cases. 


The catalysts investigated were prepared from silica gel and activated with aluminum 
oxide. The surface the silica gel carrier developed the expense the pores 
formed the moment coagulation the sol silicic acid. interest 
pare the activity these catalysts with their porosity and with the distribution pores 
given volume, i.e. obtain structural curves; this serves characterize the extent 
the inner surface the catalyst. 


4 


considerable importance, however, the accessibility the effective 
the carrier the gaseous molecules the reacting product. The latter our 
case represents mixture heavy hydrocarbons, boiling range and with mean 


considering the phenomena associated with the ultra porosity sorbents 

may possible that the catalytic cracking heavy hydrocarbons, the active surface 

consists only that portion composed pores with radii larger than the dimensions the 
hydrocarbon 


The present investigation was confined investigation the approximate radii 
pores, using Tomson’s for capillary condensation modified Zsigmondy 


i 


The finer the porosity, the more inaccurate this formula since the adsorbed layer 
greatly distorts the actual radius the capillary. comparative experiments, 
however, this but minor importance. 


vacuum apparatus was used for the experiments. The measurements the absorption 
water vapors were made using manometric method. The most convenient manometer for 
measurements equilibrium vapor pressures was the inclined type Huggins. This 
was filled with tetralin while the same time evacuating the gas presstire equal 
the saturated vapors this liquid. 


One mm. the scale graduation the manometer corresponded mm. mercury. 


The catalyst, was placed Pyrex flask (Fig. 1), which was evacuated for 
hours 500°. When the pressure read McLeod gage reached the 
evacuation was halted and the flask was cooled room temperature using thermostat; the 
temperature was maintained All experiments were out this temperature. 


. : 
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The following procedure was followed: The water were introduced into the 
evacuated apparatus 700 800 mm. the (15 mm. Hg): after 
opening stopcock the water vapors were absorbed the catalyst. The equilibrium pres- 
sure was recorded, and again, with stopcock closed, the pressure was brought 700 
800 mm. This was repeated until the catalyst was completely saturated. From the differ- 
ence between the initial and equilibrium pressures, the amount liquid condensed the 
pores the catalyst was calculated. 


order obtain characteristic curves, the following ratios were taken: 
i.e., the ratio the volume adsorbed liquid capillaries radii less than 
equilibrium pressure vapors (p) over the catalyst the entire volume the slanting 
space the catalyst pressure saturated vapor over the plane surface 1°.7°C. 


The seven catalysts used the experiments were prepared from water glass with 
varying modulus and degree washing the gel; they were activated under the same condi- 
tions means solution aluminum sulfate. 

Table presents the working these catalysts. The catalytic ac- 
tivity given terms percentage yield benzene with the upper boiling point 
distillate the cracking gas oil 


The structural curves, the porosity and average pore size were determined for these 
catalysts: They were plotted one graph for ease comparison (Figure 3). 


Apparently, decrease the radii the pores while maintaining the same unit 
porosity (volume pores one gel) should result increase surface with 
corresponding increase the activity the catalyst. However, pointed out, the ef- 


fect ultra porosity gels may lead reversal activity, i.e. decrease 
the case highly porous catalyst. This effect was actually observed. 


The activity catalysts was found depend the structure the carrier, 
the region the catalysts showed well defined maxiuum catalytic activity. 

This clearly illustrated the curve given 

The average size the molecules reacting vapor can used tor approximate 


calculation the accessible volume pores for these molecules (effective porosity 
Peff. catalyst). represent the unit porosity then: 


Vg 


where the coefficient ultra porosity; the latter determined from the struc- 

curve with the radii pores smaller than the average dimensions approaching 

molecules: volume ultra pores. 


The values unit porosity and calculated values effective porosity per unit 
volume catalyst are given Table 


shown the table, the activity proportional only the value the access- 
ible surface the catalyst. Therefore the specific activity (the activity referred 
unit accessible surface) was found most cases almost equal, the whole: 


A= 


The Calculations were made with the assumption that the 
pores the catalyst are cylindrical, and the average radius. The following 
relation was used: 


where the average radius pores given volume catalyst. 


ACTIVATION SILICA GEL 


The data for the chemical analyses the content activator per silica 
gel are given Table 


general, the adsorption aluminum ions from solutions aluminum salts depends 
the size surface. true that strict proportionality can expected this 
nevertheless can shown that the amount aluminum oxide available the sur- 
face entirely insufficient for the covering silica gel with compact monomolecular 
layer. 


the average 0.04 aluminum oxide used for surface 800 m3. With the 
radius the molecule equal 2.5 the area, taken 0.04 will equal: 


This would only the total surface: 


800 


105 


1.5 


Naturally was assumed that increase the degree filling the surface 
with aluminum oxide would increase some extent the number active points. However, 
was found that further increase the concentration the salt solution did not lead 
increase tke activity the some cases this resulted decrease. 
Hence detailed study the activation process silica gel was undertaken. 


Since the silicic acid activated solution aluminum salt after being 
coagulated and washed, apparently have case absorption aluminum the sorbent. 
known that silica gel electronegative adsorbent and therefore adsorbs only cations 
solutions. The adsorption from solution electrolytes can take place either ex- 
change hydrolysis both. both instances, hydrogen would accumulate solution. The 
increase concentration hydrogen after activation with aluminum sulfate was estab- 
lished experimentally. The the solution was determined after hour period activa- 
tion temperature 80°. change hydrogen ion concentration was from 
mole/liter. This represents more than 30-fold increase. Hence, 


fcllows that silica gel solution aluminum sulfate shifts the equilibrium towards the 
hydrogen ions, but the accumulation the latter solution results re- 
versed process solution the oxide formed. this case, course, im- 
possible attain complete coverage the surface silica gel with the cations the 


This investigation was carried out mainly 1940-1 and was interrupted during the war; recently 
this laboratory and also the adsorption laboratory some these again measured 
and calculated recent For sample the average radius was total area 725 
with Table 2). 

The authors welcome this opportunity acknowledge the aid A.V. Kiselev, Prof. Moscow 
University. for the measurements carried out his laboratory, and for his valuable 


salt from the also that the case adsorption salts stronger 
acids, saturation adsorbing forces the surface occur very much before there was 
full coverage with solution cations. 


known that the case hydrolytic adsorption the cations the salts 
weak acids are more readily than those stronger acids, since most cases they are 
hydrolyzed. This complete agreement with our concepts and confirmed experiment (Table 4). 


Aluminum salts both weak and strong acids were taken the molar concentration 
molar) with respect adsorption was continued for hours room temperature and 
then the residual amount No. and No. solutions was 


shown the table, adsorption the oxide times greater from the salt 
the less dissociated acid. 


The effect cracking upon catalysts with increased content aluminum given Fig. 


apparent that more complete saturation the surface the catalyst aluminum oxide 
and correspondingly higher limit activity takes place for the less dissociated salt lower 
concentrations this salt solution. 

the average, results the determination activity catalysts with increased content 
were 25% higher than those obtained using the sulfate activator. 


DISCUSSION RESULTS 
Since the activity expressed 
and from expression (1) follows that: 


r 
then using obtain: 


(3) 


This equation refers tke curve (Fig. 3), since the coefficient ultraporosity function 
reference its activity the one which has the largest surface accessible the molecules the 
approaching substance; i.e., the one that has the most abrupt characteristics the region the 
cross section pores. 


The porous structure the catalyst influences not only the absolute yields the product, 
but also its chemical composition. the investigation aluminum silicate catalysts activating the 
Dossorsky gas oil ‘at temperature 450° was discovered that for almost similar 
yields (based the raw material, benzene fractions, the results for the gaseous fractions differed 
greatly. From such observations definite regularity could derived. This illustrated 
Table 


the data Table indicates, for catalysts with large pores, the gas formation less 
noticeable than the case those having fine pores. This suggests that the ultra-pores the 
catalyst not only take part the principal reaction hydrocarbon 
but addition have undesirable effect, causing further the molecules. 
which penetrate and are adsorbed these pores. 


addition the catalysts having fine pores are regenerated with greater difficulty from the 


. 
| 
| 


a 


coke deposited the samples. noticeable difference was exhibited also these catalysts with 
respect thermal stability. Even heating for short time temperature resulted 
pronounced decrease in. activity; this was associated, shown experimentally, with decrease 


surface the region fine pores and pores similar their dimensions the molecules 
reacting vapor. 


Therefore, may concluded that order obtain better yield benzene and thermally 
stable catalysts with good regenerative properties, the catalysts should synthesized with widely 
developed surface the region pores, greater effective radii the reacting molecudes; 
any decrease the total surface should compensated for marked increase the aluminum pres- 
ent per unit surface catalyst. latter can achieved preparing catalysts mutually 
precipitated silicoaluminum gels. this case the amount aluminum oxide exceeds considerably the 
previously mentioned limits which were obtained penetration the silica gel matrix with solu- 


investigation the structure and chemical composition the Houdry catalyst for the fixed 
bed process indicates that well defined maximum with respect distribution pores according 
radii exists; this maximum corresponds the pores having radii equal surface equal 
430 and content aluminum oxide 25% per unit volume catalyst. The published data 
the manufacture catalyst pellets the Socony Vacuum Co. characterizes its porosity 
uverage radius pores equal also apparently, this the optimum for catalysts 
used cracking. obtain this porosity, numer specific measures are used the treatment 
the gel, including final the catalyst high temperature. 


CONCLUSIONS 


1). Measurements have been made the surface, average size pores and unit porosity 


series silica gel catalysts, activacec the same method, namely, penetration with solution 
aluminum sulfate. 


has been found that the activity the catalysts accelerating decomposition reactions 
heavy hydrocarbons proportional the surface accessible the molecules the reacting pro- 
duct. For the series catalysts the optimum value for the radius the pores the range 


3). has been made the activation silica gel using aluminum salts. has been 
that the aluminum ions are precipitated silica gel result surface chemical reaction, 
place hydrogen ions entering the solution. has been that substituting the solution 
the activator anions weak acids place anions strong acids, the limit aluminum absorp- 


been observed that catalysts fine porosity give rise the cracking gas-oil 
fractions greater gas formation than the catalysts having large pores; they are also regenerated 
with greater difficulty and are thermally unstable. These phenomena are due the presence large 
ultrapores the volume the catalyst. 


has been found convenient synthesize aluminosilicate catalysts with widely developed 
vorosity the range uniform dimensions the reacting molecules; any slight decrease the total 
surface compensated increase the amount aluminum oxide added. 
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DOUBLE HALOGENIDES ARSENIC AND ORGANIC BASES 


Popov 
The Chair Organic Tomsk State University 


Double halogenides and bismuth with organic bases exist large num- 
bers, but similar derivatives arsenic have been but little investigated. series 
new complexes have been obtained, clarifying certain extent questions the 
structure these compounds; several interesting properties complex formation have 
also been noted. 


The complexes date our laboratory are listed Table 


All these compounds, and also the double halogenides antimony and bismuth 
with organic and inorganic halogen salts reported the literature can divided into 
main groups; these differ the ratio the numer molecules initial substances 
and those entering into the composition the complexes (for monoacidic 
bases and monovalent metals). The given ratios are: 3:1, 5:2, 2:1, 3:2, 1:1 and 1:2 (see 
Table 2). 


Complexes this type are interaction initial substances dissolved 
suitable organic and inorganic solvents. solvents, hydrogen halide acids were gen- 
erally used. Organic solvents used were: acetone, fatty acids, diethyl ether and, our 
experiments, chloroform. were formed crystalline precipitates which 
most cases hydrolyzed when dissolved water, yielding acid solutions. 


The composition the complexes depends upon the nature the applied solvent, 
the relative amounts starting materials, the order decanting solutions, and the 
temperature. This dependency for the derivatives was indicated Gutbier and 
[2]. This was also observed our for the derivatives arsenic 
halides. interesting property the latter was also noted, i.e., the ability some 
under certain conditions transformed into another form. Such 
ations have been most completely observed the derivatives pyridinehydrobromide. 


condensation this salt with yields complexes four different groups. 


Condensation PyHCl and PyHI with the corresponding arsenic halides each yielded 
only two compounds. The following data have been obtained for the conditions governing 
the formation and mutual transformations for the derivatives PyHBr and AsBra. 


The reaction with excess AsBrg moles) yields complex PyHBr 
prism-like crystals (m.p. 127°C). Recrystallization this compound from the 
mother liquor yields initially white needles the composition 3PyHBr 
124°C). When this complex stored under the initial solution for days 
room temperature, completely reversible transformation PyHBr takes place. 
When these two complexes taken separately are placed pure chloroform, new form 


The drying ASBra CHCl2 vacuo boiling water bath, results 


the loss the crystallized chloroform, white powder composition 
2PyHBr obtained. Storing the latter under chloroform yields the initial 

the compound close the boiling point chloroform (this also occurs when the dry pre 
paration heated). When cooled, complex 3PyHBr precipitated. 


the addition solution hot solution PyHBr moles) another 
compound 5PyHBr yellow leaves (m.p. 163°C) formed. The complex less 
soluble the other Br-containing forms. under pure 
CHClg results the formation 2PyHBr When boiled with white 
with benzene yields residue composition the basis the-data 
the form 2PyHBr should considered the most stable room temperature. 
transformations containing complexes can expressed the following diagran. 


x 
he 
o 
uv 
i= 
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Recrystallization 
CHCls 


2PyHBr 


90-95 
under 


tallizati 
recrysta zation 

from CHCls 


4 
A 
4 
Py, BY, 
c 
i= 
For derivatives PyHCl and have the following: 


oon wd 


Remarks. 
capillaries. 


ting point Color and form 


Analytical 


Table 


Complexes the salts pyridine and its derivatives 


114 
144 
156 
124 


112 


decomposes 
decomposes 


Fine, colorless needles 
colorless 

colorless, heavy rhombic plates 
prisms 

light yellow powder 

long, thin, colorless needles 
light yellow prisms 

yellow rhombic plates 
colorless plates 

light yellow rhombic plates 
light yellow rhombic plates 
light yellow needles 

light yellow prism-like needles 
colorless plates 

fine orange prism-like needles 
brick-red rine prisms 


Complexes the salts quinoline and its derivatives 
(CH 


ChHBr 
2ChCoHsBr 

........ 


123 
138 
151 
182 
131 


decomposes 
decomposes 


Fine, colorless 
yellow 
greenish-yellow scuare 
greenish-yellow crystals 


yellow, hexanedral prisms 


light yellow 
light yellow 
golden leaves 

orange rhombic plates 


Complexes the salts piperidine 


........ 


134 
130 
179 
174 


148 
with decomp.i 


colorless needles 

colcrless leaves 

hexahedral prisms 

light green, long needles 
thin, needles 
light, greenish-yellow prisms 
red needles 


The melting point complexes containing chloroform was determined closed 
The complexes melt over range several degrees. 
the the completion melting. 


the table are listed 


‘ j 
127 
100 
136 


For derivatives the corresponding scheme can 
expressed as: 


Interesting results are obtained for the system piperidine 
They can expressed the scheme: 


Drying vacuo 90° 


moles) 


moles) 


stable only under fairly concentra- 
solution 


For system %-picoline two forms were ob- 
the systen have date only two forms: 
and 2ChHBr ASBra. all quinoline complexes 
inves igated this laboratory, the form ChHX was 
found the stable. 


Comparatively little has been published the mutual 
iransformaticns the antimony and bismuth complexes. So, 
from the work Hauser, Vanino the following 
schemes can presented for the derivatives bismuth. 


with 


acetone 


dilute 


Pyridine 
cetone 


a 


lutidine 
[3] 76° 

[16] 


etc. 


2RHX 


[4] 125° 
144° 
156° 

136° 
[5] 1340 
174° 
179° 
148° 
182° 

[8] 


decom. 


etc 


etc 


etc. 


Table 


[4] 
100° 
130° 
70° 
[29] 

[2] 
[23] 


3NH 
etc. 


127° 

65° 
63° 
112° 
[4] decomposed 
123° 
151° 

131° 
175° 


Colt: NH Sk Ir: 
iC; 


2MX3 


NiC 


other ratios 


The transformations derivatives can expressed the following scheme the 


the basis our experimental and literature data, the following conclusions 
may 

conserve space, wherever possible, the composition the complex 
pounds wili expressed numbers, showing respectively the number molecules the 
base its derivative. moiecules As. Sb. Bi, and, finally, the molecules solvent. 
Thus. for 3PyHBr CHClg the designation will 3:2:1; for 2PyHBr 


The effect halogen can shown the arsenic derivatives pyridine. 
containing compiexes refer only the types 1.0 and the form 1:1:0 the more 
stable, since formed when boiled with pure chloroform. 


The complexes have greater number types: from 5:2:0 1:1:0. 


The most stable form 2:1:1. Attempts obtain complex 1:2.0 have failed. 
Such complex was obtained only the case piperidine adding solution PipHBr 
excess. very concentrated solution While attempting wash this free 
from the mother liquor use these crystals were suddenly transformed 
mass light, colorless. thin needles the composition 3:2:1. 

For chloro-containing complexes pyridine (2:1:1 and 1:1:0) the form 1:1:0 appears 
only the presence considerable excess Recrystallization from chloroform 
transforms the latter being considered the more stable. 


with decrease the atomic weight the halogen, the stable forms shift 


Pessibly, this shift should correlated with the decrease the size the 
atoms and. with the decrease their the transition from iodine 
chlorine. Fer the fluoro-containing complexes, the 5:2:0 and 3:1:0 can expected. 


The effect the radical. substituting quinoline for pyridine, the most stable 
form independent the halogen present, noticeable that the forms 5:3 and 
are missing the arsenic well the antimony and bismuth complexes. This would 
Suggest that these differences occur because the larger size the quinoline ring. 


This explains the absence quinoline complex with crystallized chloroform 
effect,. 


Piperidine complexes behave, general, similar the pyridine complexes with one 
exception the form 1:0 could not isolated. 


considering the influence the basic inorganic atom, (As, Sb, Bi), should 
pointed out that the investigation and bismuth complexes was conducted 
the earlier research workers under conditions which seldom permitted the preparation 
maximum number combinations for each pair initial substances. had been planned 
originally conduct the the complexes As, Sb. and under conditions sim- 
these used the preparation arsenic complexes. this purpose was planned 


use hydrogen halide acids the respective solvents. However, the available data permit 


Thus. the for the double halogenides reported, the group 1:1 occurs most 
eften almost equal frequency for arsenic the group 2:1. For complexes the 
most typical. The organic derivatives have been little 
This also the derivatives BiFs. 


) 


Examination bismuth complexes with individual halogens. The same regularity 
encountered the case arsenic: with decrease the atomic weight the 
halogen, shift form occurs from 1:1 3:1; however, with bismuth, which has 
larger ionic radius than arsenic, the form 3:1 already present for the chloride. 


Structure the complexes. The role trivalent arsenic complex forming sub- 
stance requires examination. Arsenic, depending the nature the added groups, carries 
either negative positive charge. negative charge found arsenic where 
arsenic has complexes similar nature those nitrogen ammonia. This con- 
weaker; bismuthines, has not been observed all. 


As,Sb, and carry positive charge halogen derivatives; here, they can also 
play the role acceptor. This confirmed the presence complexes with halogen 
salts piperidine, aliphatic amines, and finally, with halogenides the alkali metals. 


The derivatives and may form complexes with each other. tetra- 


ethyl-arsenic iodide with which the coordination numbers 
atoms arsenic are equal four. 


The elements subgroups arsenic may also have coordination number this 


shown the presence complexes the type 3MeX for halogenides alkaline 


Taking the series 3:1, 5:2,2:1,,3:2, 1:1 which the left are complexes 
with the coordination number {type 3:1) and the right type 1:1 with the coordination 
number reasonable assume, that within the series may complexes with 
ccordination number 


attempt will made present this basis schemes for the structure the 
complexes. 


For 3:1 and 1:1 the most likely schemes would be: 


For type 1:2, located the above series the right type 1:1, the coordination 
number can only The most probable scheme 


Complex 5:2, located next 3:1, can presented as: 


(Iv) 

The fact that the complex SPyHBr the only one available suggests 

fortuitous ratio for the ionic radii arsenic and the dimensions the 


pyridine ring, giving the more stable molecule than 3:1. 


The type 2:1 for our complexes known two forms: and 2:1:1 and, pointed 


out. for PyHBr and the last form the most stable. this form ascribed the 
structure: 


As (Py, H)g 
Br~ 
The bond between and CHCls quite weak: when heated chloroform 
split off completely. 


For the form 2:1:0 scheme given the literature: 


was suggested Gutbier and [2] and Dybsky and Wagenhofer this 
form ascribed double molecule. 


Considering the case transformation between 2:1:0 and 2:1:1 observed our ex-- 


periments, scheme considered possible which the central atom has coordination 
number 


WII) 


(Py, 


The coordination number while seldom encountered, possible. series compounds 
are available which the distribution five groups around the main nucleus has been 
trihedral bipyramids which the bromine atoms occupy the vertex the pyramid. Both 
distances Sb-Br are the same and are intermediate between those required for covalent and 
bond bond). have similar structure [27] 


the last type 3.2, Gutbier and Muller ascribe the structure: 


This scheme has four-membered cycles: this hardly seems possible for fairly 
moiecuie. The authors the schemes and (VIII) give experimental con- 
firmation and state that they forced base their conclusions the con- 
Stitution these analytical data and conclusions derived analogous 


After accepting scheme would quite acceptable ascribe the type 
3.2 the structure. 


The scheme also possible: 


\ 
Br. 
r r 
“Br 


(Py,H) 

Br~ “sr 


tut believed that much less probable: 


unlikely that two similar 
atoms would different coordination numbers. 


3:2:1 the molecule may bring about bond between the separate molecules 
the complex. For simplicity the form 3:2:1 can presented as: 


Since reliable data the existence complex crystals with the coordination 
number (5) [28] are available, desirable take x-ray pictures the compounds 


the types 2:1:0 and 3:2:0 order determine the true coordination number these com- 
plexes the crystalline state. 


Thus, possible list the following basic structural schemes (Table 3). 


Structure Coordination number 


These schemes explain the ease transformation between 2:1:0 and 2:1:1; they 
have two- and three-membered bridges. Also favor coordination number for 2:1:0 
and 3:2:0 the fact that only these forms gave solvated compounds our experiments 
thus exhibiting tendency towards the formation complexes with coordination number 


Some results follow the synthesis complexes hydrogen bromide 
with Two complexes were obtained: 


The first formed the presence excess AsBra, and the second the 


unusual occurrence that the presence excess complex with 
smaller content arsenic bromide formed; this can postulating 
chain-like structure for the molecule the complex: 


whereas, for the second compound the following scheme would likely: 


attempt will made the basis the schemes some the character- 
istics the compounds. 


The decrease the coordinaticn number with the transition the series 


- > 


1.41 1.14 
1.21 


apparent anomaly the absence the quinoline derivatives for forms 5:2 and 3:2. 
This may explained assuming that three organic radica!s the complexes these 
types are distributed about the central halogen atom. For quinoline such distribution 
becomes difficult because the iarge dimensions its 


the data this investigation, the field double halogenides the 
elements the arsenic sub group have been barely investigated; this particularly 
with respect the derivatives and Interesting regularities ex- 
pected here. This would importance for the theory the structure complex 
pounds, well supplementing existing data the higher order organic compounds. 


EXPER IMENTAL 


Condensation with with 


ahot solution moles) ml. was added over period 
separated. The crystals were washed with chloroform and dried vacuo. The composition 
corresponds the formula: 2ChHBr 136-138°C. 

0.17 substance 0.2194 AgB 
Found 1931; 54.09 
the recrystallization this precipitate slightly yellow precipitate prismatic 
needles was separated from the mother liquor. Composition: ChHBr 


eBr 
substance: 41.8 ml. 0.01376 
Found 14.62 As; Br, 61.01. 
ChHBr Calculated 14.28 As; Br, 


The precipitate was recrystallized from chloroform without any change composition. 


solution 5.25 (1.77 moles) and ml. was added over 


After adding approximately half the solution quinoline, slightly yellow fine 
crystaliine precipitate separated. The precipitate was filtered from the mother liquor, 
washed with (20 ml. and dried vacuo. 


substance- 9.8 ml. 0.01925 
0.0500 substance: 11.95 ml. 
0.0518 substance: AgBr. 


the treatment this precipitate with hot chloroform cooling, heavy 
hexahedral prisms, separated from solution. Composition 


having the composition the initial product The separation from was carried 


cut decantation: 
0.0598 substance: 0.1332 AgBr 

II. 0.0952 substance: 22. 0.01925 

Found 


+. 


The residue from the multipie treatment with hot chloroform complex 
had greenish yellow coloration and analysis had composition close the 


0.1548 substance: 0.01925 N.I 
0.0886 substance: ml. 9.01925 
0.0460 substance: 0.0562 
Found 9.73, 9.76; 51.99 


minutes was added solution 3.0 ml. After adding approxima- 
tely third the solution light greenish-yellow precipitate separated. 


Upon completion addition the solutions, the precipitate was separated from 
the mother liquor, washed with chloroform and dried vacuo. The analysis precipitate 
gave low results for the product composition i.e. 


11.54% and 55.95% 
0.1212 substance: 19.4 ml. 0.01925 
0.1188 substance: 0.1562 AgBr 


boiling the precipitate with chloroform, some was cooling the 


0.1000 substance: 18.5 ml. 0.01925 
Found 13.34 


the complexes ethylquinoline bromide are hygroscopic; they decompose slowly 
air, are sparingly soluble water. 


pletion addition, very thick yellow oil collected the bottom the reaction flask. 
After one day considerable part the oil crystallized. Needle-like, light yellow crys- 


tals were separated from the residual oil, washed with chloroform (20 ml. and 
vacuo. 


The composition corresponds the formula ChC4HoBr 


0.0594 substance 10.2 ml. 
0.0770 substance: 0.0988 AgBr 


The crystals are hygroscopic and decompose the air. from 
chloroform (slightly gave uniform product. 


Condensation and with AsBrs 


Toasolution 11.18 (3.2 moles) AsBr3 ml. over period min- 
utes was added solution 1.94 ml. CHCls. white crys- 
precipitate separated. The precipitate after washing with chloroform (10 ml. 


and drying. according the analytical data (As 16.4%, 63.7%) not individual sub- 
stance. 


After recrystallization from the mother liquor, the precipitate was changed color- 


less plates with the composition according analytical data, correspond- 
ing the formula: 
0.1644 substance: 16.5 ml. 
0.2656 substance: 0.4076 AgBr 


Upon recrystallization from pure chloroform, this complex crystallized with 
admixture rhombic plates, with appearance similar the crystals obtained 
experiment and having the composition The yellow crystals were 
obtained smali amount, insufficient for purification and analysis. The main product 
has the composition m.p. 63-65°C. 

0.1746 substance; 18.5 ml. 
substance 0.1712 AgBr 
Found 15.95; 65.40 
separated which. after separation the mother liquor and vacuum drying, crystallized. 
The crystals rhombic plates, after washing with chloroform (20 ml. melted 
100°C and had composition corresponding the formula: 


0.1250 substance. 21.3 ml. 0.02057 
0.3880 substance: 0.5672 AgBr 
Found 13.13; 62.21 


Upon recrystallization from CHClg, this complex was transformed 
m.p 


0.2490 substance: 28.6 ml. 


ml. was added over period minutes. The yellow oil 
formed upon condensation was washed three times with chloroform ml. and dried 
The cil crystallized into yellow crystals, definite composition (As 

The precipitate was twice boiled with pure chloroform. When heated with the 


crystals were changed oil, which upon cooling changed completely slightly yellow 
0.2770 substance: 0.4288 
Found 15.43; 

separated which started crystallize after hours (temp. After day the oil was 
changed mass crystals slightly yellow rhombic plates. The crystals 

136°C. 


0.1806 substance: 20.5 ml. 0.02695 
0.2796 substance: AgBr 
Found 11.46; 60.30 
Attempts recrystallize this complex failed because its very slight solubility 
chloroform 


was with and dried vacuo. According analytical data, this product 
nct individual substance (As Recrystallization this precipitate 


~ 


> 


substance: 0.2760 AgBr 
0.3942 substance: ml. 0.01797 


Found 14.77; 63.83 


10. solution 6.0 (2.00 moles) 150 ml. was added 
precipitate separated. After washing with chloroform and drying vacuo its composition 


substance: 0.4316 Ag3r. 

0.2914 substance: 47.2 ml. 0.01797 N.I 
Found 10.90; 58.19 


Recrystallization this precipitate from hot chloroform yielded light yellow 
the composition the starting product: 
0.254: substance: 0.3442 


added solution 2.36 ml. CHCls over period minutes. The cloudy, 
solution formed was heated boiling. yellow mobile oil settled the bottom 
the flask. After cooling, the mother liquor was decanted, and the oil was washed with 
chloroform (20 ml. 2). 

After washing, the oil crystallized needle-like crystals light yellow color. 

0.1860 substance: ml. 0.02875 


0.2010 substance: 0.2414 


IONS 


new group double halogenides arsenic has been described. 


The dependency between the composition the given complexes and the nature 
the initial components has been established. 


possible structural scheme for these complexes has been 


2.Muller, Z.allg. anorg. Ch., 128, 137 (1923). German patent No. 86148; 


SYNTHESIS OLEFINIC AND HYDROCARBONS 


VI. DIOLEFINIC HYDROCARBONS THE SYNJHESIS HYDROCARBONS 
WITH CENTRALLY LOCATED DOUBLE 


Ya. Levina, Skvarchenko, Yu. Kazan and Treshchova 


Lakoratory Organic Moscow State University 


. 


The between allyl bromide magnesium organic compounds 
represents general wethod for the synthesis Many studies have been made 
the reaction allyl bromide chloride homologs with various magnesium organie 
These investigations have shoen that the presence double bond promotes the mobility 
the halogen atom. This occurs all instances, independent the location the halogen 
atom with respect the primary carbon atom: (thus, for primary butadienehydro- 
mobile atom can readily replaced radical the presence magnesium organic 


compounds. These reactions are therefore use general method for the 
alkenes varying structures. 


1,4-Dichlorobutene-2 the simplest type unsaturated dihalogenide derived from 
compound. Each halogen atom, under the activating influence the same double 
bond should and capable being readily replaced radical group the pres- 
ence organic reaction could used method for the syn- 
thesis alkenes vith centrally located double bond. 


This paper deals with investigation the reaction between 1,4-dihalogenides 
divinyl (1,4-dichloro-2 -butene and 1,4 dibromo -2-butene) with methyl-magnesium bromide. 
has been established for the first time that this reaction both halogen atoms are re- 


placed group with the alkene with centrally located 
double bond. 


The initial material, alkadiene-butadiene-1,3, was recovered side product the re- 
action, the splitting off halogen from the dihalogenide. 


Two unsuccessful carry out similar reactions have been reported the 
literature. 1922 Braun and high boiling resin the reaction be- 
phenylmagnesium bromide and Its composition has not been inves- 
tigated detail. 1928 and Whitby [9] studied the reaction 1,4-dibromo- 


lbutene-2 with established that, instead the 
tion the more likely 3,4-dieethyl-3-hexene, 


CHs CHs 


the reaction product was the initial together with its two oily 


constant stirring. The solid 1,4-dibromo-2-butene, recrystaliized from 
ether. had 52-53°C. 

Literature data Thiele and Lemke [8], Lawrence and Thorpe 

Liquid 1,2 dibromo obtained together with solid dibromide the bromina- 
tion butadiene was converted solid dibromide, identical with 1,4- 
dibrome butene; the latter obtained directly the bromination butadiene. 


butadiene (technical) was carried out using different solvents 
and The reaction products were fractionated twice (tall Vigreux The 
experimental results are iisted Table 


TABLE 

Temperature Yield dichlor- Weight ratio 
ment experi- ides 1,2-dichloride 
No. pent theoretical) 1,4-dichloride 

Liquid --- Cocling with 

dry 


Together with the dich'cride appreciable amount high boiling fractions, con- 
taining butadiene tetrachloride, were obtained each experiment. (In some 
experiments yields 60% were based butadiene taken the reaction). 


The experimental values the dichiorides and those from the literature, including 
the data for are given Table 


and Northrup established the investigation products 
butadiene that the low dichloride butene ead the high boiling 
1,4 djchicre butene. Differing from the dibromides. the butadiene when heat- 


interaction dibromo-2 with methylmagnesium iodide. 


the presence from the residual unreacted magnesium, was added slowly with 
constant stirring ether solutfon freshiy crystallized ether) 
(60 The reaction mixture was then heated water bath for hours. 
The was accomplished dilute acetic acid (10%). After distilling off the 
ether the washed and dried ether extract substance separated the 
tilling f'ask. After removing the the was separated fractional distil- 


- - 


The second series experiments was carried out the method described and 
Northrop 


yield 10-12% theoretical. The crystals g.) after recrystallization from petrol- 
eum ether, melted 117°C; this corresponds the literature data for one the buta- 
diene The melting point mixed the substance with crys- 
talline butadiene tetrabromide gave depression. Thus, reaction disproportionation 
bromide two molecules has taken piace; 


The reaction between 1,4-dibromo and methylmagnesius iodide was also con- 

ducted under other conditions cooling with ice during the process adding the di- 
exposing the reaction mixture ultra violet light, and also adding the reagent 
reverse order. The yield all these experiments was about the 


Table 


Boiling point 


References 


Found Calculated 

(40 mm) 

115 

(750 mm) 

(40 ma) 


butane 


(750 ent investigations. 

1.4745 

145 

[23] 


with bromide 
bromide (75 methylbromide and g.. magnesium), filtered off 

nitrogen atmosphere from the residual undissolved magnesium, was added with constant 

the reaction mixture was allowed stand overnight; the following day the stirring was 

continued for eight hours room temperature, followed four hours heating water 

bath. The decomposition was carried out dilute acetic acid (10%). After distilling off 

the ether from the neutral reaction product and drying the with calcium chloride 


fraction b.p. 115-117°, judging its constants, contained considerable amount 
formed from pseudobuty lene (present technical divinyl}. Since the yield 
this fraction, based the initial technical divinyl, attained 30% (See experiment Table 
and the content pseudobutylene technical divinyl the fraction b.p. 
contained about 40% dichlorobutane. 


i 4 
4 
4 
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the ether extract was fracticnated. The product was 3-hexene, b.p. 66.5 67.5°C 
(754 mm; (see section yield 24% The adsorption the gas 
liberated the reacticn bromine showed that about 50% the dichloride taken for the 
reaction was converted divinyl divinyltetrabromide, m.p. 117°C, was formed 
(after from petroleum ether). 


The reaction between 1,4 and bromide was also 
under other conditions ccoling with ice while adding dichioride, stirring the 
reaction mixture for hcurs temperature only, and adding the reagents reverse 
The yield 3-hexene these was (15 20% theoretical), 
than that obtained the first experiment. 


with 


The reaction 1,2-dichiore butene (41 fraction with 
bromide (75 bromide and magnesium) was conducted under con- 
similar those described secticn distillation the reaction 
undergoes ailyi rearrangement during reaction forming 1,4-dichloro- 
which reacts further with bromide: 


out that the distillation the reaction product fraction 
115 117°C g.. i.e. 45% based the dichloride taken for the was 
literature data for given Table 2). 


the yield hexene-3, based reacting attains 40% 
theoretical. The separation divinyl. identified crystalline tetrabromide, was also 
observed this reaction. 


Purification and 3-hexene 


obtained different experiments was treated with solution metallic 
liquid ammonia order remove any traces halogen present Hexene 
purified cver cclumn with theoretical had the follow- 
ing constents: 


2 ° 30 20 . 
Calculated: 29.44 
are givem the for cis-and trans hexene. 


Table 
1.3949 


66.8 66.9° 39338 67967 
(751 mm) 


67.4 67.6 1.3937 0.67782 


67.15 1.3930 0.6780 
1.3943 0.6794 


References 


bd 


2.973 substance: 9.310 3.826 mg. 
Found 85.48, 85.41: 14.30. 
was oxidized using aqueous solution potassium permanganate. 

The oxidation product was propionic b.p. 138.5 its anilide had 
103.5°C, corresponding the literature data (Crossley and Perkin 103 


The 3-hexene was conducted ether solution while cooling the 
reaction with ice. From 3-hexene, (yield 86% theoretical) 3,4-dibromo- 
hexane, having the following constants was obtained: 


(10 1.5042, 1.5995. 


Optical investigation 3-hexene 


Raman spectrua 3-hexene was taken glass triprismatic Steinchel 
graph with average linear dispersion the region 4358-4916 The 
illuminator had three mercury lamps The excitation was conducted the line 
4358 solution potassium nitrite was used light filter. The 
the frequencies were made using standard spectrum iron arc, using 
diaphragm. The accuracy frequency measurements was 2.4 The intensity the 
spectrum lines was evaluated visually. The Raman spectrum for 3-hexene was investigated 
the interval frequencies 2000 cm. The results the fre- 
quencies Raman spectrum for 


221 (0.4), 406 470 (2), 567 (1.2), (0.2), 746 (0.2), 769 (0.8), 

824 (2.8; b), 839 875 897 (2.8), 1002 (6), 1040 (1.2), 1068 (6), 

1107 (0.2), 1165 1202 (1.2), 1258 1296 (0.4), 1304 (10), 1353 (0.2), 
1376 1442 1460 B), 1660 (4) 1672 (40). 


The absence frequency 1642 indicates that the preparation under investigation 


The formation hydrocarbon the interaction dichloride 
with methyl magnesium bromide could have taken place according the following reaction: 


CHs 


From iiterature data that for double carbon-carbon bond, 
located between ordinary bonds the following two frequencies are characteristic: 1658 
and 1673 belonging and trans-isomers, respectively. The presence the 
line 1672 the spectrum 3-hexene indicates that almost pure trans-fora 
present. The weak line 1660 the presence small amount 
its concentration approximately (not greater), assuming that the intensity the 


characteristic frequency the bond for cis- and forms approxisately the 
same 


For the characteristics the combination lines the following designations are introduced: 


—— 


CONCLUS 


has been shown for the first time that 1,4 dihalogenides can react 
with organic magnesium compounds forming alkenes with centrally located double bond. 


has been that dichloride the interaction with 
magnesium organic compounds undergoes ally) rearrangement 1,4 dichloride; 
forms alkene with centraliy located dcuble bond. 


The reaction todide with 1,4-divinyl dibromide yields 
(yield 10% The reaction methyl magnesium bromide with 1,4-di- 


sad divinyl dichloride yields hexene (yields and 40% res- 
pectively). 


3-Hexene was identified its physical properties, investigation its oxi- 
dation products, bromination and examination its Raman 


C.r., 139 481 Kirrman, Bl. Soc. chim. (4), 39. 988 (1926); 
392 (1944). Claisen, pr. Ch. (2), (1922). Levina al, Jour. 
Gen. Chea. Ya. Levina, Yu. Kagan, Jour. Gen. Chom. (USSR), 
523. (1941): Ya. Jour. Gen. (USSR), 16, 821 (1946).—[8] 
Ber 3536 Whitby, Trans. Roy. Soc., Canada (3), Sec. 
Boord Am. Soc., 751 Wiemann, Bl. soc. chim. (4), 45, 627 (1929). 
Campbell, Am. Chem. Soc., 63, 2693 Carr, Walker, Chen. 
Phys.. 751. Perkin, Chem Soc., 73, Risseghem, Bl. 
Soc. chim. Beig., 47. 194 Gredy, Bl. soc. chim. (5), 109%, J.H.Hibben, 
The Raman Effect and Its Chemical Application. New York (1939); see also Stepanov, Jour. 
kine Ya. Jour. Gen. Chem (USSR), 17. 234 (1947). 
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ELECTROLYTIC HYDROGENATION DIMETHYLACETYLENYLCARBINOL 


II. Effect the Cathode Surface and Concentration 
Carbinol the Electrolyte 


Lebedeva 


The results investigation the electrolytic hydrogenation 
enylcarbinol and dimethylvinylcarbinol using cathodes made from various metals were report. 
previously noted therein, the preliminary treatment the metal surface great 
influenced the hydrogenation process. 


Tafel [2], during his first experiments electrolytic hydrogenation caffeine, 
noted that the course the reaction depends mainly two factors: mechanical proper- 
ties the lead surface and the presence foreign salts the electrolyte. 
pletely smooth lead cathode was unsuitable for the caffeine 
fate solution. lead cathode gave good results. The specific effect the 
cathode surface was particularly noticeable the hydrogenation unsaturated acids 
hydrogenation takes place platinum cathodes; with platinized platinum, stearic acid 
obtained good yields. 


Previous experiments electrolytic hydrogenation smooth platinum, platinized 
and nickel black showed that the surface the cathode had great influence 
the process electrolytic hydrogenation. cathodes made from the same material the 
hydrogenation proceeded with different rate depending previous treatment the 
cathode surface. 


was therefore decided for the present investigation study detail the effect 
the surface the copper and silver cathodes the rate electrolytic hydrogenation 
dimethylacetylenylcarbinol 


The following surfaces, treated differently, have been tested: smooth red copper; 
copper, coated displacement iron (contact copper iron): red copper cleaned 
with emery; copper with layer electrolytic copper from ordinary copper 

spongy copper, coated electrolytically red copper; silver, coated copper 
displacement from dilute silver nitrate solution (contact silver copper). 


Tabl2 are listed the results the experiments: 


For hydrogenation dimethylacetylenylcarbinol was taken each experiment. 
The hydrogenation was continued all experiments until test for acetylenic hydrogen was 
negative with ammoniacal solution silver oxide). Table indicates, the highest 
rate hydrogenation was observed cathodes made from spongy copper. However, the yield 
dimethylvinylcarbinol this experiment was quite low. For comparison the results 
hydrogenation, the last column Table indicates the time required obtain, under 
given conditions, dimethylvinylcarbinol. This column indicates that copper 
surface; coated iron displacement method, hydrogenation takes place approximately six times 
and smooth copper five times slower than silver surface coated the 
surface, treated with dilute silver nitrate, 3.3 hours are required for obtaining 
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under given conditions dimethylvinylcarbinol. Siiver silver coated cathodes 
are distinguished the fact that they are less sensitive than copper 
cathodes. The latter required new treatment after each experiment. With copper cathodes 
coated with contact silver. several experiments successicn could conducted without 
any treatment. Table are given the data the experiments repeated hydrogenation 
the same contact silver surface. 


TABLE 


No. Material and surface cathode Duration Yield dimethyl- Time required 
Experiment vinylcarbinol obtain 
carbinol. hrs. 

Smooth red copper 10.4 50.0 16.0 

Contact copper iron 16.2 38.2 20.8 

Copper. cleaned with emery 12.4 10.6 11.7 

Electroiytic copper red copper 8.4 15.6 16.20 5.4 

copper red copper 4.7 11.4 55.6 4.1 

Contact silver copper 5.9 17.9 87.4 3.3 


TABLE 


6.1 78.0 3.8 
6.5 15.4 4.2 
6.6 15.4 4.3 


Table the time hydrogenation increased for each subsequent ex- 
periment only slightly: the yield dimethylvinylcarbinol almost the same. The same 
stability the silver coated copper surface was observed number other experi- 
ments. 


Table are given the data electrolytic hydrogenation copper cathode, first 
coated with iayer copper oxide igniting burner. The experiments differed from 
the previous ones also that the hydrogenation was carried out without separating the 
cathode and anode space with diaphragm. 


For this experiment dimethylacetylenylcarbinol was taken. Table 
veals the rate hydrogenation this experiment approached the rate hydrogenation 
the cleaned with emery. detailed comparison cculd not made because 
the variabie experimental ccnditions. 


The data given Table indicate the variation the content 
the electrolyte during the hydrogenation process. 
The maximum content the electrolyte did not occur the end 
hydrogenaticn. but while dimethylacetylenylcarbinol still remained unhydrogenated. 
the end the hydrogenation the rate was lower and loss dimethylvinylcarbinol 
occurred. Probably some was carried out with the increasing current hydrogen. 


order determine clearly the rate hydrogenation function 
experiments were conducted which are summarized Table 


Under given experimental conditions. the optimum concentration 150 
1000 electrolyte. With further increase concentration 
rapid into layers catholyte takes place: 


~ 


TABLE 


Duration Amount residual Yield dimethylvinyl- Time required 
hydrogenation, dimethy lacetylenyl- carbinol obtain di- 
hours 
2 5.82 2.65 1.5 
2.81 6.28 6.4 
6 0.55 8.2 
0.0 6.20 12.9 


Experi- Amount di- Initial con- Duration Yield dimethyl- Time required 
No. enylcarbinol, hours methylvinyl car- 


taken for binol, hours 


periment, 


6.20 16.1 78.7 3.10 
100 8.35 29.5 72.0 2.08 
150 7.80 44.7 73.0 1.30 
200 19.6 2.45 


this the rate hydrogenation decreased. increase concentration 
under given conditions only possible applying mechanical stirring. 


EXPERIMENTAL 
the cathode surface treated different methods 


The investigation the effect the cathode surface was carried out ord- 
inary electrolyzer. The outer cylinder the electrolyzer was made 
the inner wall the electrolyzer was also employed cathode. Outside, the upper 
part the electrolyzer, terminal for the electric current was soldered. The copper 
electrolyzer was 280 mm. height, and 100 


the center the copper electrolyzer was placed ceramic porous cylinder. 


The dimensions the porous cylinder were: height 300 mm., inner diameter mm., wall 
thickness. 8.5 mm. 


nickel wire used anode was packed along the inner wall the porous cylin- 
Diameter nickel wire: mm. 


For temperature control the cathode space, the electrolyzer was placed 
water bath with circulating tap water. The catholyte was poured into the space between 


the copper and ceramic cylinder height 250 the working surface the 
cathode was 7.85 


The working surface the anode: 5.5 dimethylacetyl- 
1000 ml. saturated aqueous sodium hydroxide. Strength current the beginning 
the experiment current density 6/7.85 0.77 the end the experiment 
the current strength dropped Voltage the start the experiment: then 


the experiments hydrogenation the copper surface, the copper cylinder was 
first washed with dilute nitric acid, then with water. all the other experiments the 


cylinder was washed with dilute nitric acid. water, and then subjected the corresponding 


treatment. the precipitation copper iron, the iron cylinder had the same 
sions the copper one. After ordinary cleaning, copper sulfate (10 
was poured into the cylinder: after 10-15 minutes the solution was decanted. the cylinder 
washed and filled with the catholyte. The copper was precipitated iron thin 
during electrolysis this came off the iron, with the formation some corrosive spots. 
The electrolytic copper was deposited the copper cylinder from bath recommended 
Blum and Hagaboom The electrodepcsition spongy copper was carried cut the 
methed described Borak Bai shin and Gavrtlov The formula recommended them was 
used withcut any modification. 


current density about minutes after the current was started 
sponge abcut mm. length was formed the cathode. The length this sponge has 
been found increase with increase density: long sponge, however, falls off more 
easily from the cathode surface. Upon completion deposition, the treated copper sulfate 
was decanted, the washed with distilled water and filled once with the 
The washing was carried out very carefully, the liquid being decanted means 
since the sponge came off easily from the surface the cathode. 


For the deposition silver the copper surface (contact silver copper) the 
copper cylinder was first treated described above. The siiver nitrate solution was 
prepared 2.5 silver nitrate and ml. nitric acid gr. 1.4) 
were used per liter water; 2200 this solution was introduced into the cylinder. 
After minutes the inner surface the copper coated even velvet- 
like light gray deposit, the solution was decanted, the cylinder washed with water and 
once with the electrolyte. Since the silver surface was multicolored and irregular, 
the surface the cylinder was washed with dilute nitric acid and subjected repeated 
treatment with silver nitrate solution. With increase silver nitrate concentration. 
the time contact could reduced minutes. The silver layer was fairly stable. 


After with water the hydrogenation could carried out repeatedly without retreat- 
ing the cylinder 


Investigation the effect concentration 
catholyte. 


The experiments listed Table were carried out contact silver, deposited 
described above, and the same electrolyzer. For 400 ml. 
dimethylacetyienylcarbinol was taken the first experiment, the second, 
the third. and the fourth the last experiment the carbinol dissolved slowly 


and after hours hydrogenation layer appeared the surface characteristic the 
completion hydrogenation. 


Testing the copper surface, coated with copper 
without diaphragm) 


The arrangement for the electrolytic hydrogenation dimethylacetylenylcarbinol, 
with the catlode and anode space separated porous was very simple. The 
was ordinary battery, the inner wall which was spread perforated 
copper sheet used cathode. the start the experiment the cathode was washed 
with dilute nitric acid 1,, cleaned with emery and ignited. using gas burner. The 
area the cathode 1.7 Sheet nickel, rolled cylindrical glass rod, was used 
anode; this was placed the center the electrolyzer. The area the anode: 

1.5 The distance between the cathode and mm. When the distance increased 
the the alkali the electrolyte should increased. dimethyl 
100 ml. aquecus sodium hydroxide (50 1000 was the 
lyte. Strength current 1.4 voltage 2.8 Temperature experiment: 


Upon completion each experiment the product was saturated with carbon dioxide 
until acid phenolphthalein (sodium hydroxide converted sodium bicarbonate). The 
mixture dimethylacetylenylcarbinol and dimethylvinylcarbinol was distilled off. 
the distillation carbinol, without saturation with carbon dioxide, noticeable de- 
composition the acetylene alcohol and increase the acetone content the mixture 
occurred; therefore experiments were conducted find the best conditions for distilling 
off dimethylacetylenylcarbinol from the alkaline electrolyte. For each experiment 
200 ml. aqueous sodium hydroxide (50 1000 ml.) was 
taken. the first experiment ml. was distilled off directly from the alkaline solu- 
tion. This was then salted out with potassium carbonate and the upper layer weighed and 
analyzed. the second experiment the alkaline layer was acidified with acetic acid until 
weakly acidic, and then distilled and treated the first experiment. the third ex- 


periment the alkaline solution was saturated with carbon dioxide until acid phenolphtha- 


lein; the subsequent treatment was the same the previous experiments. results 
are summarized Table 


TABLE 


Experi- Composition electrolyte Weight Weight pure di- Weight Loss carbinol 
ment upper methylacetylenyl- acetone, distillation 


Alkaline 17.6 2.4 
Acidified with acetic acid 20.5 18.8 0.33 1.2 


Saturated with carbon 20.3 19.2 0.25 0.8 
dioxide 


Best results were obtained saturating the alkaline electrolyte with carbon di- 
The amount acetone and the losses were less than occurred the other experi- 
quantitative determination dimethylacetylenylcarbinol was made titrating 

aqueous solution sodium hydroxide the presence large excess silver nitrate 
the method developed Kh. Kondrat’ev. Acetone was quantitatively determined use 
sodium hydroxide solution the presence hydroxylamine hydrochloride. The quanti- 
tative determination dimethylvinylcarbinol was conducted titrating bromide-bromate 


carbinol with carbon dioxide, yellow precipitate copper derivative dimethyl- 
acetylenylcarbinol was usually formed. 


oxide. 
ments. 


CONCLUSIONS 


The rate electrolytic hydrogenation dimethylacetylenylcarbinol cop- 
per and silver cathode depends the initial treatment the cathode. 


The rate electrolytic hydrogenation dimethylacetylenylcarbinol greatest 
for spongy copper surface; the rate formation dimethylvinylcarbinol best for 
silver surface coated copper the displacement method 


the hydrogenation without stirring weak alkaline electrolyte the optimus 


concentration dimethylacetylenylcarbinol electrolyte was 150 per liter electrolyte. 


the hydrogenation without porous diaphragm the rate electrolytic hydro- 
genation was essentially unchanged. 
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ALLYL REARRANGEMENTS 


ACTION ALCOHOLIC SOLUTIONS ALKALIES ISOMERIC 


Pudovik and V.I. Nikitina 
laboratory Organic Chemistry the Kazan State University 


The action alcoholic solutions alkalies and alcoholates alkaline metals 
primarily allyl halide isomers has been investigated several research workers. 


Claisen the reaction between potassium ethylate and phenolate 
obtained 1-ethoxy-3-methylbutene-2 and the phenyl ether re- 
spectively. Prevost the reaction between potassium hydroxide ethyl alcohol and 
crotylbromide obtained the ethyl ether Similar results were obtained 
Meisenheimer and Link and Tamele, Ott, [4] the reaction between 
and methallylchloride. the action potassium hydroxide methyl, ethyl and isopropyl al- 


cohols good yields the corresponding ethers alcohol were ob- 
tained. 


Roberts, Young and Winstein the reaction between sodium alcoholate and crotyl chlor- 
ide absolute alcohol obtained the ethyl ether crotyl alcohol; Young and Andrews carried 
out this reaction aqueous-alcohol solution, and obtained mixture primary and secondary 
ethers. using the method Hughes [7] substitution reactions, the authors conclude 


Thus, for primary allyl halide isomers all indicate the formation ethers 
the according the reaction: 


The problem the action alkali alcoholate secondary allyl halide compounds has not 
been clarified the literature. Meisenheiwer and Link indicate that this case complex 
tures, containing unsaturated hydrocarbons, are formed; Roberts, Young and Winstein merely refer 


our previous investigations with the action alkali alcoholate halide 
isomers one and was shown that the nature the alcohol exerts the 


main influence the course reaction between the primary allyl halide isomers and alkali 
alcoholates. 


mary and secondary alcohols the corresponding ethers were isolated, and the case tertiary 
butyl alcohol mainly: 1-methoxy-2,4-pentadiene and dimethoxypentenyl ether. the action 
alkali-alcoholate secondary methoxychloropentene the formation the same 
diene and mixture ethers, corresponding structure primary and secondary alcohols, 
was shown. The present article covers the action alkali alcoholate isomeric butoxychloro- 
was found that butoxychloropentenes are more suitable for the investigation the 
reactions with alkali alcoholates than are This because the resulting 
products have considerably higher boiling point than the alcohols used the reaction, and 
therefore can readily and quantitatively isolated. This fact enabled obtain new data 


great characterizing these reactions. 


the action potassium hydroxide primary butcxychloropentene 
ethers the corresponding alcohols were obtained the main reacticn products. The 
constants the ethers are given the following table: 


addition ethers, the case propyl alcohol, 2,4-pentadiene 
was aisc isoiated the case n-butyl alcohol, butoxypentadiene was obtained 
inyield 17%, and butoxypentenyi ether was obtained yield 7%. Carrying out the 
reaction solution tertiary butyl gives rise the following main reactions: 

inayield 35% The presence conjugated double bonds was verified 

the with maleic anhydride. 


The results obtained confirmed cur earlier views the mechanism this reaction 
and suggested several generalizations. The difference the course the reactions between 
primary and potassium hydroxide methyl, ethyl, propyi, butyl and 
iary can interpreted due gradual decrease the dissociation 
the named giving rise the formation proton and alkoxy] ion, the order: 


The differences the dissociation the alcohols follow from the modern presentation the 
magnitudes the inductive effects alkyl groups. 


methy! and due thelr considerable dissociation into proton and 
alkoxy} anion and the high coordinative capacity alkoxy] anions compared with chloride 
the reactions result the formation ethers only, the bimolecular type. The 
formation ether the alcohol, with small amount alcohol, 
was aiso found the treatment the chloride with potassium hydroxide alcohol; 
th:s indicates the considerably high coordinative capacity the alkoxyl anions compared 
with the 


the case propyl and butyl alcohols. because their smaller degree dissocia- 
ticn ccmpared with and ethyl alcohols, lower concentration alkoxyl anions 
the reaction result, addition the formation ether, there 
are side reacticns the formaticn diene hydrocarbon and dibutoxypentenyl ether. 
The diene together with the ether, was also obtained the treatment 
the chicride with butyl alcche! the solution the same 

tertiary buty! the formation diene and dibutoxypentenyl ether 
represents the main tertiary alcohol actually plays the part inert 
vent. order prove this reaction was carried out between pctassium hydroxide and pri 


were also obtained. the absence solvent, upon heating the chloride with the powdered 
potassium hydroxide the reaction proceeds very slowly with the formatioa diene hydro- 
carbon only. 


The formation diene hydrocarbon these experiments explained due the 
presence the monomolecular, type, the reaction taking place part: 


ether formed, apparently according the scheme: 


the basis the experimertal data can concluded that the reactions between 
potassium hydroxide and primary butoxychloropentene and a.cohols take place 
according bimolecular type; starting with propyl, the reaction the monomolecular 
type becomes noticeable, and tertiary butyl alcohol 


Interesting results were obtained the investigation the acticn alkali 


ate {secondary chloride). the reaction between potassium 


0.8223; ethyl ether secondary alcohol yield 22%, b.p. 1.4280, 


and-the ethyl ether the primary alcohol with yield about 8%, b.p. 


(10mm), 1.4340, d2° 0.8621. Apparently, the reaction with secondary butoxychloropentene 


takes place great extent according type: 


Whea the reaction was carried out butyl alcohol, butoxy 2.4-pentadiene 
was the product. This agreement with the earlier conclusions the nature 


determining the course the reaction between the allyl halide iscmers and 


PERIMENTAL 


solution methyl alcohol 


KOH was dissoived ml. and this solution was added 
butoxy-5 The reaction was refluxed three hours water 


‘ 
bath. The was filtered off. Methyl alcohol was distilled off. The residue 
diluted with smali amount water was extracted with ether. The ether extract was dried 
with calcium chloride, the ether distilled off, the residue fractionated vacuo using 
Widmer column. Fractionation yielded butoxy 
Found. 51.48. 
C. VO: Calculated. MRp $2.32. 


Found 69.60; 11.69 


solution ethyl alcokol 
The reaction was carried out described the previous experiment. solution 
reaction mixture was heated for three hours water bath. Fractionation the reaction 
mixture yielded 12.7 
Found: 55.80. 


KOH was dissolved n-propyl alcohol and this solution was added 
The mixture was heated water bath for three hours. Propyl was 
off glycerine bath, and ‘finally under slight vacuum. The residue was di- 
luted with water and extracted with ether. The ether extract was dried with calcium chloride, 
the ether was distilled off, and the residue distilled Yield: 0.6 1-butoxy- 
2,4 and 10.8 butoxy propoxy 3-pentene. 

B.p. 110% (8mm): 8606. 
Found: 60.59. 


solution n-butyl alcohol 


pentene. The mixture was heated for hours water bath. Butyl alcohol was distilled 
off provided with column under pressure 150 om. residue was 
treated with water and extracted with ether. After distilling off the ether the residue was 
The following fractions were collected: 


Repeated yielded: 4.2 2,4-pentadiene; b.p. 
4520; 103 1,5 butoxy pentene; b.p. (10mm), 1.4352, 1.3 


11.97. 
12.00 


get 


solution tertiary butyl alcohol 


primary chloride. The mixture was heated water bath for four hours. 


Tertiary butyl alcohol was distilled off oil bath from flask fitted with 
Widmer column. The residue treated with water and ether. Fractionation the reaction 
products yielded: 

B.p. (9mm); wt. 5.7 
B.p. 63-168° (Smm); wt. 5.2 


second distillation the first fraction yielded 4.7 4-pentadiene; 


Found: 89.50 


Repeated fractionation the second fraction failed yield compound constant 
boiling point. 


dioxane selution 


water bath for hours. 


Dioxane was distilled off from flask fitted with Widwer column, the residue diluted 
with water and extracted with ether. After distilling off the ether the residue was fraetion- 
ated The following fractions were collected: 

B.p. (10mm), wt. 2.3 


repeated fractionation the first fraction yielded 
butoxypentenyl ether, 1.4541. Second fraction recovered chloride. 


solution 70% ethyl alcohol 


KOH was dissolved 100 70% ethyl alcohol, and chloride added 
the solution. The mixture was heated water bath for hours. After distilling off the 
ethyl alcohol the contents separated into two layers. The top layer was separated, and the 
bottom layer was extrected with ether. The ether extract was added the top layer. 
distilling off the ether the residue was fractionated vacuo from flask fitted with 
spiral Widmer column. Yield 11.8 b.p. 


Found: 46.79 
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solution absolute butyl alcohol 


5.5 metallic sodium was dissolved 195 absolute butyl alcohol. this solu- 
tion was added The mixture was heated water 


Found: 64.77. 


Action KOH 1-butoxy 
the absence solvent 


mixture chloride and powdered KOH was heated water bath for 
hours. The mixture was treated with water and extracted with ether. The ether extract was 
dried with calcium the ether was distilled off, and the residue was fractionated 
Yield 0.8 butoxypentadiene and 6.5 initial chloride. 


solution ethyl alcohol 


KOH was dissolved 120 ethyl alcohol. the solution was added 

butoxy 3-chloro 4-pentene. The mixture was heated water bath for three hours. The 
precipitate potassium chloride was filtered off (14 KCl, theoretical amount 16.8 g). 
Ethyl alcohol was distilled off. The residue was treated with small amount water and 
extracted with ether. The ether was dried with calcium chloride, the ether distilled 
off, and the residue fractionated vacuo from flask provided with spiral Widmer column. 
The following fractions were collected: 


Repeated fractionation the fraction yielded 10.2 


0.1241 substance: 0.3238 0.1350 


Fractionation the second fraction yielded 9.3 


0.1250 substance: 0.3238 0.1350 H20. 
Found 70.64; 12.00 


Addition butoxy-2,4-pentadiene maleic anhydride 


over the flame burner. violent reaction occurred. Fractionation the 
reaction product yielded 1.6 substance, 192° (13mm). Addition product 
thick liquid light yeliow color, gives crystals standing. 


CONCLUS IONS 


investigation has been made the action KOH 
solution ethyl, n-propyl, n-butyl and tertiary butyl aicchols. methyl and 
ethyl alcohols the reactions follow bimolecular type with the formation ethers. 
the other alcohols, addition ethers, 1-butoxy-2,4-pentadiene and dibutoxypentenyl ether 
are formed. Tertiary butyl plays mainly the part solvent. interpretation 
the reaction mechanism based the concepts electronic theory has been given. 


has been shown that the reaction between KOH and secondary 
tene ethyl alcohol solution follows both and types with the formation 1-butoxy- 


and mixture ethyl ethers, corresponding structure primary and second- 


ary alcohols. 
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INTRAMOLECULAR REARRANGEMENTS ACETYLENE SERIES 
IV. ACTION 3-CHLORO-3-METHYLPENTYNE-1 and 
WITH SILVER 


Zakharova 


Zhdanov Memorial Chair Organic Chemistry the 
Chemical Faculty Leningrad State University 


previous communications hes been shown that the reaction 
tiary acetylene chlorides, obtained from the corresponding alcohols the action halo- 
genating agents, with silver acetate the presence glacial acetic acid, the initial 
plays the main role. The presence free acetylenic hydrogen yields three sub- 
the reaction with silver acetate: the acetate the carbinol, which 
represents normal reaction product; the acetate allene structure formed result 
intramolecular rearrangement the moment reaction;; and ethylene diacetate. has 
been established that allene acetate unstable and when heated glacial 
isomerized stable acetate acetylenic structure. has also been shown that, 
umder the conditions the reaction allene acetate adds itself molecule acetic 
acid forming the diacetate. 


Entirely different results were obtained when the initial substance the reaction 
with silver acetate was chloride, with methyl group place the free acetylenic hy- 
drogen. has been shown: first, that such chloride can prepared more readily 
the action hydrogen chloride the carbinol; second, the reaction the chloride 
with silver acetate the presence glacial acetic acid the only reaction product the 
acetate. corresponding the initial carbinol. 


was interest see whether the same observations would made earlier 
using other tertiary acetylenic chlorides with silver acetate, For this 
study has been made the reaction between silver acetate and 


The reaction between (II) and silver acetate the 
presence acetic acid took place rapidiy, exothermically, without tarring 
changing color, resulting the formation mixture products which three 
tances were isolated and characterized. 


iacal silver oxide, and added hydrogen during hydrogenation. 


The determinations molecular weight and elementary compositions have shown that 
this substance acetate. The sharp boiling point, and also the closeness its phys- 
ical constants those the acetate aceto-methyl (III), obtained the ac- 
tion acetic anhydride ethyl indicate that homo- 
geneous product the normal substitution chlorine the chloride 
acetyl group. 


The substance b.p. mm. has sharper odor than the acetylenic ace- 
has the same elementary composition. gives reaction for free acetylenic 
hydrogen: during hydrogenation also adds two hydrogen molecules, forming saturated 
acetate. resembling odor isoamyl acetate ether. Ail these deta suggest the structure 
the isomeric acetate allene type structure: (IV). 


The third reaction product has 108-110°C mm. When hydrogenated 
adds one hydrogen molecule. oxidation, yields methylethylketone and oxalic acid. 
The data for analysis the elements, determination the molecular weight and physical 
constants, and aiso the results oxidation suggest structure for this compound of: 


Since methods formation substances have been exhaustively studied using 
the action silver acetate the chloride obtained from 
carbinol the observation can made this case. has been established 
definite experiments that the acetylenic acetate was stable and was not isomerized 
allene acetate when heated glacial acetic acid. 


The acetate was unstable and under experimental conditions was changed two 
directions. was isomerized acetate acetylenic structure and also added another 
acetic acid, changing the diacetate. 


Thus, for this example, interesting transformations have been observed which could 
expiained only assuming that the formation the anomalous reaction product allene 
acetate occurred result intramolecular rearrangement the moment the reac- 
tion; this not result subsequent isomerization the first normal reaction 


acetate. This can expressed the following scheme: 
CH, COOAg 


II. The reaction between the chloride 3-chloro-3-methyl-4-hexyne (VII), with 
methyl group adjacent the triple bond place free acetylenic hydrogen, entirely 
different. Preparation the chloride; pointed out earlier communication the 
chloride can obtained very readily the reaction dimethyl-methylacetylenyl-carbinol 
with hydrogen chloride. The chloride also obtained good yield the reaction 
methylethyl methylacetylenyl-carbinol(VI) with hydrogen chloride. true that this re- 
action somewhat complicated the simultaneous dehydration carbinol (VI) with the 


The structure the latter was proved oxidation, which yielded acetic acid only. 
avoid losses the preparation chloride was found more desirable treat methyl- 
with phosphorous trichloride ether solution. the 
last the yield the chloride increased. The reaction between 3-chloro-3- 
(VII) with silver acetate the presence glacial acetic acid took place 
rapidly, exothermically; however, after corresponding treatment the reaction product, 
only one substance. b.p. mm, was isolated. According analysis corres- 


ponded the acetate (IX) and was identical with the acetate obtained heating the car- 
binol (VI) with acetic anhydride. 


3 


VI) 
2 


Thus. this case, the earlier investigation products were found which 
would indicate the presence intramolecular rearrangement during the reaction. 
possible that this may explained increase the mobility the substituting 
atom, this case, chlorine. The introduction the methyl group with its positive in- 
ductive effect into the with respect the triple bond had pronounced effects 


the properties the compound the type the mobility the 


the tertiary carbon was greatly increased. this respect, particular interest were 
the results obtained the hydrogen chloride treatment the acetylene tertiary alcohol, 
the type mentioned above, where tertiary butyl group. The results this 
tigation will given detail communication the near future. Here will 
pointed out that. shown our experiments, the presence methyl group the @-posi- 
tion with respect the triple bond completely disproves the assertion found repeatedly 
the literature that compounds containing neopentyl group are inert the reaction 
substitution chlorine for hydroxyl and the reactlon saponification the chloride 


obtained this case. 
EXPERIMENTAL 
Reaction between acetylenic chloride (II) and silver acetate. 
initial compounds for this reaction were prepared follows: 


carbinol (I) was prepared the method A.E.Favorsky 
described earlier from methylethylketone and acetylene the presence powdered 


. 


potassium hydroxide ether. Numerous experiments, carried out the Favorsky 
tory, the preparation tertiary acetylenic alcohols resulted significant 
provement this method. The passage acetylene directly into the mixture from cylin- 


der under pressure and the use rapidly rotating metallic stirrer with wide blades, pro- 


vided efficient mixing the reaction mixture, and decreased considerably the amounts 
ether and powdered potassium hydroxide introduced into the reaction. Thus. the formulation 
igeluding the amounts the initial materials, could modified. observing the 
conditions mentioned above, the reaction could carried out taking 600-750 ml. ether 
per g.-mol ketone place 1.5 ether, and 200-250 powdered alkali place 
350 The reaction cylinder was cooled externally with ice. Considering the reversi- 
bility the reaction formation tertiary acetylenic alcohols from ketones and acet- 
ylenic hydrocarbons the presence KOH absolute ether, confirmed earlier {7], 


recommended that the entire process completed one day. According its 


ical constants, the properties the carbinol were identical with those determined earlier 


was obtained treating the cerbinol for hours 
carbinol were taken 170 ml. hydrochloric acid, and The 
b.p the chloride was 49-50° 100 mm. and the physical constants were identical with 
those determined earlier 


(1/4 g.-mol) ml. glacial acetic acid with efficient stir- 
ring was added dropwise solution (1/4 g.-mol) chloride ml. glacial 
acetic acid. Heat was evolved during the addition chloride. The mixture was heated 


with stirring water bath 60°. coolipg, the reaction mixture was diluted with water, 


fractions: 


Acetylenic acetate (III). B.p. 85-86% 
(fraction had weak ethereal odor, gave positive reaction for acetylenic hydro- 
gen with ammoniacal solution silver oxide. 


Found. 135.14, 


the hydrogenation ether solution the presence platinum black 
acetate absorbed 1.6 hydrogen, i.e. the theoretical amount required when calculated for 
triple bond. 


The acetate was prepared for comparison heating 


(fraction hed penetrating, but pleasant, ethereal odor, differing greatly from the 
odor acetylenic acetate describod above; gave reaction for free acetylenic hy- 


drogen. 


MRy 39.48; 


Found: 


substance: 
Found: 
Calculated: 


0.0788 substance: 
0.0866 substance: 
Found 

Calculated 


39.71. 


39.74. 
141.41. 


140. 


68.25: 68.21: 8.74, 8.83. 


40.22; 
40.31: 


acetate 0.63 hydrogen; 0.64 represents the theoretical amount when calcu- 
for bonds. After distilling off the ether there remained small amount 
substance, with odor resembling that isoamyl acetic ether. 


\fraction isolated small amount gave negative reaction for acetylenic 
hydrogen. 


Found: 52.48. 


0.2112 substance: 17.40 benzene: 0.32%. 
Found: 189.6 


Found 60.07; 8.20, 8.27. 


H20. 


The presence one double bond was verified the hydrogenation diacetate 
ether solution the presence platinum black. 0.5 diacetate absorbed hydrogen. 
When calculated for one double bond the amount hydrogen required was ml. 


verify the structure the diacetate the latter was oxidized with alka- 
line solution, with cooling. more discoloration occurred the cold, the oxi- 
dation was discontinued, and the MnO; precipitate filtered off. The remaining solution was 
boiled remove the neutral oxidation products which were then collected the receiving 
flask with the acetate solution nitrophenylhydrazine. precipitate p-nitrophenyl- 
hydrazone was formed which after recrystallization from methanol had 
mixture with nitrophenylhydrazine methylethyl ketone melted 127%. 

0.0489 substance: 8.8 (25°, 762.6 mm) 
0.0418 substance: 7.5 (25°C, 762.5 mm) 
Found 20.29, 20.23. 

The residual solution was concentrated, then neutralized with sulfuric acid. 
free organic acids were first extracted with ethyl ether: then the water layer was extracted 
with ethyl acetate. Distilling off the acetate, the mixture yielded small amount 
crystals, m.p. from mixture acetone and benzene mixture with oxalic acid 
showed depression melting. 


The 


Distilling off the ether, the mixture yielded with acetic acid odor. 
The silver salt the acid had the composition silver acetate. 


and silver acetate. 


The carbinol was prepared the method Favorsky from methylethylketone and 


allylene the presence powdered KOH ether solution. 


order avoid the loss 


product cbtainabie with the usual method preparation 


carbinol was somewhat modified. 


three necked flask provided with rapidly rotating 
mechanical stirrer was charged 200 powdered KOH and 400 mi. ether. 
was cooled and saturated with 


The mixture 


Then stirring very rapidly and 


cooling, methylethyiketone mol.; 200 ether was added two first, 
half the amount. and after 1.5-2 hours, the remaining portion. Thus, the concentration 
the ketone the reactior mixture remained always high, the absorption methylacetylene 


was rapid. and the entire process preparation carbinol was completed hours. 


Upon 


completion the the mixture was decomposed with ice-water, the ether layer sepa- 


with and the product was fractionated vacuo. 
using this method attained 


Found. 


34. 05: 


34.16; 


substance; 25.73 benzene: 0.22°. 


Hydrogen chioride, prepared heating concentrated hydrochloric acid, was introduced 


into carbinol. 


chloride and the mixture separated into two layers. The bottom water layer was separated, 


Found. 110.23; 


MRy 


Calculated: 


The yield 


34. 64. 
34.60. 


Action hydrogen chloride carbinol 


11.12, 11.16. 


First. there was complete absorption the gas, the temperature the 
mixture gradually rising: 85°C the reaction was violent, the absorption hydrogen 


the reaction product dried with calcium chloride and fractionated. 


were obtained: 


B.p. 


boiling point range 100 


tinct reaction for the presence halogen. 
heated with metallic sodium for several hours and then fractionated cver 


The first and second were combined and fractionated. 


The foliowing fractions 


characteristic hydrocarbon odor, but gave dis- 


order free the product from halogen was 


obtained was hydrocarbon colorless mobile liquid with penetrating odor. 


07. 


0.2829 


0.0737 


32.27; 


22.02 benzene: 0.675°. 
Found 95.18. 


solution with cooling. 


85 


The discoloration the solution stcpped after the addition 
the amcunt The precipitate was filtered off. When the salt 


The product had 


The product 


solution having alkaline reaction was heated, neutral products were found the dis- 
tillate. The remaining salt solution was acidified with sulfuric acid, and the organic 
acids distilled off with steam. Four fractions, each, were collected. fractions, 
when heated with gave silver salts corresponding composition the salts 
acetic acid. The absence formic acid the oxidation products the hydrocarben indi- 
cates that the dehydration methylethyl-methylacetylenyl-carbinol (VI) proceeds only 
one direction: the expense the CH, group with the formation -hexene-4-yne 


The substance b.p. 100 mm. (fraction was again subjected careful 
fractionation. The chloride (VII) collected appeared colorless, mobile liquid, darken- 
ing standing. When shaken with aqueous AgNO, gave precipitate AgCl. 


Found: 37.26; MRy 37.09; 37.89. 
Calculated: 37.39; MRy 37.16; 


0.2425 substance: 15.55 benzene: 
125.75. 
Found 27.05. 


Action phosphorous trichloride carbinol (VI) 


carbinol g-mol), dissolved ml. dry ether, was added slowly, with cool- 
then for hours room temperature. The heavy layer phosphoric acid formed the 
bottom was separated, the ether layer was washed several times with ice-water, dried with 
and the ether distilled off. The residue was distilled vacuo (100 mm), repre- 
sented separate b.p. 74°C, having constants identical with those chloride 
(VI). obtained action hydrogen chloride the carbinol. Dehydraticn the car- 
binol with the formation hydrocarbon (VIII) was scarcely observed this reaction. The 
yield chloride 3-chloro-3-methyl-4-hexyne (VII) amounted 70%. 


vessel provided with stirrer were placed (0.25 g-mol) CH,COOAg and 
ml. glacial acetic acid. the solution was added dropwise with rapid stirring, 
solution 32.5 (0.25 g.-mol) chloride ml. glacial acetic acid. Evolu- 
tion heat was observed. The mixture was heated, with stirring, water bath 
for hours, and diluted with water; the acid was neutralized with 10% soda solution, and 


the reaction product extracted with ether. The residue, after distilling off the ether, was 
fractionated. 


Found. MR, 43.77; 57. 
Wound: 147.12. 


Found 69.98, 70.11: 9.28, 9.32. 


mixture carbinol and ml. acetic anhydride was heated sand 
bath for hours, cooled and diluted with water. The top ether layer was separated, washed 
Several times with water, dried with and fractionated. Product methylethyl- 
methylacetylenyl carbinol aceto with constants identical with 
those obtained for the reaction product CH,COOAg and chloro-3-methyl -4-hexyne (section a). 


. 
- 


CONC LUSIONS 


study has been made the reaction between silver acetate and two tertiary acetyl. 
enic chloro-3 methyl pentyne (II) and chloro 3-methyl hexyne 
the presence glacial acetic acid. 


has been shown that the reaction with chloride (II) accompanied intramolecular 
rearrangement. resulting the formation three products: 
methyl 1,2 pentadiene and ethylene diacetate has been proved that the allene 
acetate (IV, unstable and when heated glacial acetic acid isomerized acetyl 
enic acetate 


has been established that the reaction the chloride with silver acetate 
only acetate normal structure hexyne (IX, formed. forma 
tion acetate allene structure has been observed. 


addition. the following new substances were synthesized methyl 
ethyi methy (VI) the method A.E. Favorsky from methyl acetylene and 
methylethyl ketone, the chloride (V3D) treating the carbinol phosphorous trichloride. 
The same chloride was obtained the action hydrcgen chloride carbinol and was 
tablished that the reaction was accompanied partial dehydration. enyne hydrocarbon 
2-hexene-4-yne (VIII, was separated and characterized. 


Confirmation has been made earlier observation that the substitution hydrogen 
atom the triple bond group increases the mobility the substituents (halogen, 
hydroxyl), located the tertiary carbon compounds the type: 


Gen. Chem. 17, 686 See, for Jour Gen. Chea., 
Author’s Certificate 31017. A.1.Zakharova, Science Memoirs, 
LGU. 162 and A.I. Jour. Gen. chem, 10, 
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data have been published the chemical literature. 
Therefore was considered interest describe method its preparation, and 
list some its physico-chemical properties. 


first attempt was made obtain 2-fluoroethane the Dumas-Fremy 
method which dichlorodiethylsulfate reacted with potassium fluoride. However, 
the yields were very low. Considerably better results were obtained reacting the 
chloroethyl ester benzenesulfonic dcid with potassium fluoride. 


early 1897, Kastle investigation the ester benzenesulfonic 
acid, found that the presence salts hydrogen halide acids, this hydrolysis was 
complicated side reaction formation halides the expense the reaction 
between the ester and the halogen ion: 


Later. this reaction was investigated greater detail for the case 
the methyl ester benzene sulfonic acid, and McCleary the ethyl ester p-tolu- 
enesulfonic acid. 


1925 Peacock applied the reaction between and ethyl esters p-toluene- 
sulfonic acid and iodide for the preparation methyl and ethyl Finally, 
1926 Rodionov investigated the reaction the esters toluene sulfonic acid and 
aqueous potassium iodide and bromide and showed that using concentrated solutions these 
salts the reaction the formation alkyl halide predominates and may employed 
convenient method for the preparation bromides and 


was decided investigate the behavior the esters aromatic sulfonic acids 
the presence salts hydrofluoric acid. and see whether this reaction could 


pioyed convenient method for the preperation alkyl fluorides, and particularly for 
the preparation chlorofluorvethane. 


Experiments with ester benzene sulfonic acid and potassium fluoride 
have shown that applying concentrated aqueous solution potassium fluoride and 
heating the reaction mixture noticeable reaction was produced. When the 
ester benzenesulfonic acid was heated with solid anhydrous potassium fluoride 
35% Dichloroethane was obtained by-product. Considerably better re- 
sults were obtained the ester with concentrated aqueous potassium fluoride 
autoclave temperature The yield 1-chloro 2-fluoroethane this case 
attained 60% theoretical, and dichloroethane was also obtained by-product. 


The reaction formation chlorofluoroethane can expressed the following 
equation: 


using the same method bromo-2-fluoroethane, although considerably lower 


yield 35%), was from 2-bromoethyl ester benzenesulfonic acid and potas- 
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mobile liquid with odor resembling that 
dichloroethane. boils normal pressure. Density 1.2747 and 1.2055; 
index refraction 1.3775. Freezing point below 50. 


Chlorofluoroethane miscible with most organic solvents and sparingly soluble 
-2-fluoroethane undergoes hydrolysis with difficulty; thus, boiling with sodium 
hydroxide solution for hours. only chlorine ionized, and after hours, 32%. 


PER IMENTAL 


Preparation 2-fluorcethane from 2-chloroethyi ester 
and potassium fluoride. 


stainless steel autoclave were introduced the ester benzene 


sulfonic acid and 47-49% aqueous potassium fluoride ratio 1.15 moles per mole 
ester. 


The mixture was stirred temperature and the reaction products were 
gradually discharged through the cooled condenser such rate maintain the pressure 
the autoclave atmospheres. Duration reaction about hours. The liquid 

the receiver separated into two layers. The top layer represented water with traces hydro- 
flucric acid, and the bottom layer was chloro-2-fluoroethane, containing about 20% 
dichloroethane and 1.5% vinyl chloride. 1-chloro-2 fluoroethane was isolated 
distillation. Yield about 60% theoretical. 


4.695 substance: 5.080 mg. 2.195 mg. 


14.700 mg. Substance: 8.838 mi. 0.02 
2.2097 substance: 24.61 0.1 
Caiculated 29.09; 4.84; 43.03; 23.04. 


Preparation fluoroethane from 2-chloroethyl ester benzone sulfonic 
acid and anhydrous potassium flucride. 


mole ester benzenesulfonic acid was heated with mole powdered 
potassium fluoride The volatile reaction products were distilled off and collected 
receiver. Fractionation yielded chloro-2 fluoroethane, and preduct 
chloroethane. Yield was about 35% theoretical. 


Preparation fluorcethane from 2,2' dichloro-diethylsulfate and 
potassium fluoride. 


The initial 2.2 dichlorodiethylsulfate was prepared the method iescribed V.V. 
moles finely powdered anhydrous potassium and the mixture oil bath 
1-chloro-2-fluoroethane was distilled off and collected receiver. Yield 

chloro-2 was about 60% only one chloroethy! group being used. 


The reaction proceeded only the formation the potassium salt chlcroethylsulfuric 
acid. according the equation 


trated aqueous potassium fluoride under conditions given above the description the 
preparation 1-chloro fluoroethane. The reacticn product. 1-chloro 
boiled (Henne and Renol!, reperted 71.5 Yieid 1-bromo- 


was about 35% theoretical. large amount 1,2 dibromoethane was 
tained by-product. 


was determined Stark-Howley’s method. 


CONC LUS IONS 


Methods preparation and 1-bromo-2-fluoroethane have 
been discovered. 
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THE REACTION ALIPHATIC OXIDES WITH HYDROGEN FLUORIDE: 


Institute Organic Chemistry the Academy Sciences (USSR), Moscow 


Aliphatic three-membered oxides may readily split substances containing 
active hydrogen atoms. Fission agents that can rupture the oxide ring possess hydrogen 
atoms varying widely their activity. appears surprising, therefore, that attempts 
split ethylene oxide using hydrogen fluoride were unsuccessful. 


Swarts study the action hydrofluoric acid ethylene oxide, showed 
that 30% hydrofluoric acid hydrates ethylene oxide ethylene glycol; small amount 
polyethylene glycol also formed. under similar conditions forms gly- 
cerine monochlorohydrin, diglycerine chlorohydrin and high-boiling chlorinated compounds, 
not further identified. Swarts concluded that the oxides could not split this man- 
ner yield the corresponding fluorohydrins. 


our study, ethylene oxide reacting with anhydrous hydrogen fluoride under various 
conditions resulted chain polymerization ethylene oxide. These chains were rup- 
tured either water present during the reaction hydrogen fluoride. The products 
obtained were polyethylene glycols and polyethylene fluorohydrins, and very small amount 
fluorine. The desired reaction product, ethylene fluorohydrin, occurs, all, 
but very amounts. Attempts reduce the polymerizing action hydrogen 
fluoride using its etherate attempting maintain hydrogen fluoride 
meric state were unsuccessful. Desired results were obtained reacting ethylene oxide 
with hydrogen fluoride dilute solution ether. This.dilution reduces the number 
collisions the oxide molecules. Polymerization thus minimized and the predominating 
reaction becowes the formation ethylene fluorohydrin. 


Heating the ether solution ethylene oxide with excess hydrogen fluoride 
results 40% theoretical yield ethylene fluorohydrin. The yield ethylene fluoro- 
hydrin depends upon the concentration ethylene oxide the ether solution. Thus, 
lene fluorohydrin obtained yield the action hydrogen fluorohydride 
20% solution the oxide; the highest yields obtained concentration 
the oxide the ether. 


This investigation has shown that addition the formation ethylene fluoro- 
calculated the basis ethylene oxide. The structure this compound was confirmed 
converting fluorochlorodiethyl ether ethylene oxide with ethylene- 

Some other reaction products obtained were polyethylenefluorohydrin, considerable 
amount alcohol, and the monoethyl ether glycol 10% yield). Inasmuch Calcott 
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and Tinker found that ethers could not split hydrogen fluoride, the formation 

alcohol and the ether glyco! was unexpected and criginally attributed the 

ence impurities the ether. However, experiments conducted with absolute ether treated 

with magnesium confirmed the formation from the splitting ether 

hydrogen fluoride. indicated, the yield ethylenefluorohydrin under these condi- 

tions 40% theoretical. However, since the reaction between ethylene oxide and hydro- 

gen fluoride comparatively siow, scme ethyleneflucrohydrin reacts with ethylene oxide 
ethylenefluorohydrin should about 50% theoretical. The yield ethylenefluorohydrin 

inflcenced not only the concentration oxide but also the water present the 

ether used solvent. the presence excessive amount moisture, the oxide 

hydrated glycol. The optimum content water ether 1.5 2%. 


Thus, ethylenefluorohydrin available compound starting point for 
the various substances. This new method formation 
fluorecarbon bond the splitting ethylene oxide hydrogen fluoride has been exten- 


ded include other aliphatic oxides. Thus, under similar conditions the following were 
obtained: propylenefluorohydrin from propylene oxide; symmetrical 
chlorofluorohydrin glycerine from epichlorohydrin; symmetri- 
cal difluorohydrin glycerine from epifluorohydrin; and 
methy!-propanol from isobutylene oxide. the last case, addition 
The order addition hydrogen fluoride the ethylene oxide and the 
structure the obtained compounds were studied series conversions the resulting 
Thus, the oxidation chlorofluorohydrin glycerine yields 
chloroacetone. The structure glycerine was confirmed also its 
epifluorohydrin, the presence potassium giving 75% theo- 
reticai yield. 
The obtained fluorohydrins were characterized the corresponding ethers 
and carbamic acid. 
series conversions which definitely confirmed the structure the compounds, 
successfully cbtained substitution the chlorine atom the 
dichlorohydrin glycerine. 
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KOH 


High yields and the simple technique involved suggest possible wide application 
this new method preparation various fluoro organic Substances not readily pre- 
pared using previous methods. 


EXPERIMENTAL 


Fluoroethanol-2. Into steel vessel capable withstanding high pressures, 
500 ml. ether was introduced. The ether was cooled and anhydrous hydrogen 
fluoride and dry ethylene oxide were carefully introduced. The 
vessel was sealed tightly and heated boiling water bath for six hours. The reaction 
mixture was then cooled and neutralized (congo red) with calcined soda. The neutral 
tion was decanted into distilling flask provided with long refluxing column. The ether 
was removed distillation, the residue dried over anhydrous potassium fluoride and frac- 
tionated. Starting with 190 ethylene oxide, the following fractions were collected: 
due, 

The fraction b.p. 98-105° represents pure repeated dis- 
tillation yields product b.p. 102-104° (yield: 40% theoretical) 

Ethylenefluorohydrin clear mobile liquid with mild pleasant odor. 


B.P. 102-104°; 1.102; 


Found 12.98. 12.83 
@naphthyluretan colorless needles (from ligroin) m.p. 125-127°. 


Found 6.27 


Fraction b.p. 132 135°, monoethyi ether glycol transparent colorless mobile 
liquid. 
9588: ngo found MRp 23.74, calculated 23.37. 


Found 52.80; 10.90 
b.p. 172 -174°, ether glycol colorless liquid with 
odor. 


subsequent experiments splitting three-member oxides with fluoride 


Therefore the details the following experizents will omitted. 


Duration hours. After remova! ether, the residue was dried over anhy- 
drous and fractionated. The fractionation yielded clear 
liquid with mild pleasant odor. 


b.p. 107-108°; Yield theoretical. 


Found 24.32 


@-naphthylurethane crystalline powder (from ethylacetate); b.p. 


Found 5.90 


Ether 500 ml., anhydrous g., epifluorohydrin 
Duration heating: hours. After removal ether, the residue was dried over anhydrous 
and fractionated under reduced pressure. clear mobile liquid 
with slight odor. 


1.380; found MRp 17.96; calculated 17.37. 


Ether 200 ml., anhydrous 11.0 g., isobutylene 
oxide Duration heating: hours. The excess was combined with moist KF. 
The ether was distilled off and the residue distilled under reduced pressure. Fraction 
boiling point mm. was treated with water; the water insoluble oil was 
separated and dried over KF. The b.p. tetramethyldioxane under atmospheric pressure 


1.4130; found 40.42; calculated 40.23. 


From the aqueous solution isobutylenefluorohydrin was extracted with ether after 
salting out with NaC!. The ether extract was dried over anhydrous KP, the ether distilled 
off, and the residue distilled under reduced pressure. isobutylenefluorohydrin 
58° 


Found 18.05 

Into round bottom flask, provided with stirrer, reflux 
condenser, thermometer and wide short tube, were introduced 150 ml. absolute ether, 
and with cooling and continuous stirring, powdered 
potassium hydroxide over period 15-20 minutes. The contents the flask were main- 
tained boiling with continuous stirring for hours. 


The ether solution epifluorchydrin was decanted and the residue washed three 
times with small portions dry ether The ether extract was added the main solution. 
The ether was removed distillation, the residue dried over anhydrous and fractionated. 
After repeated distillation, the boiling point epifluorohydrin Yield 75% 
theoretical. clear mobile liquid with faint ethereal odor. 


Found 46.93: 7.08 


Into round bottom flask provided with stirrer, 


and dropping funnel, were introduced solution sodium dichromate 
ml. 1,3-chlorofluoropropanol-2 g., and, with continuous stirring 
and cooling over period hours. (90 concentrated ml. The 
stirring was continued for 15-17 hours. The oxidation products were repeatedly extracted 
with benzene. The benzene solution was washed with water until neutral, and dried over 
freshly ignited magnesium sulfate. The benzene was removed distillation and the residue 
fractionated, first under reduced pressure and then atmospheric. 1,3-Fluorochloropro- 
colorless clear lachrymatory nature. 


Found 32.20 
Semicarbazone crystals (from m.p. 111-112°. 


ether glycol. Into pressure-resistant steel vessel were in- 
introduced: ethylenefluorohydrin and with cooling, ethylene oxide The 


closed vessel was heated temperature 170-180° over period hours. 
After distilling off ethylene fluorohydrin (32.4 g.) the residue was fractionated. 
ethylether glycol. glycerine -like liquid with fruity odor. 


Pound 44.09; 8.38. 


CONCLUSIONS 


Aliphatic three membered oxides can made react readily with anhydrous hydro- 
gen fluoride with the formation fluorohydrin glycols. 

Heating dilute ether solutions the corresponding oxides with anhydrous hydrogen 
fluoride gives good yields of: ethylenefluorohydrin, propylenefluorohydrin, 1,3 
panol isobutylenefluorohydrin, and others. 


has been shown that the addition hydrogen fluoride ethylene ox- 
ide similar the addition the other hydrogen halides. 


This new method formation fluorocarbon bond now makes readily available 
many derivates aliphatic compounds. 


CITED 


Aner. Chem. Soc., 1010 


Submitted the editor Feb. 11. 1947. 


THE REACTION ALIPHATIC OXIDES WITH HYDROGEN FLUORIDE. 


Institute Organic Chemistry the Academy Sciences, USSR, Moscow 


new reaction for the splitting aliphatic oxides hydrogen fluoride was 
described preliminary communication. This resulted the formation glycol fluorc- 
hydrins. Another method preparing glycol fluorohydrins and, particular, ethylene- 
fluorohydrin, could direct replacement chlorine atoms ethylenechlorohydrin 
fluorine. This reaction. shown experimentally, proceeds two stages, and finally 
consists the interaction ethylene oxide with potassium bifluoride. The ethylene 
oxide was first formed from the ethylenefluorohydrin under the action potassium fluoride. 
Anhydrous ethylenechlorohydrin when boiled with anhydrous potassium fluoride splits off 
chloride and gives quantitative yield ethylene oxide. Hydrogen chloride, 
metathetic reaction with potassium fluoride, yields potassium chloride and hydrogen 
fluoride. The latter with potassium fluoride forms bifluoride: 


Thus, potassium fluoride functions primary alkali. similar manner, gly- 
cerine monochlorohydrin yields glycidic alcohol, and glycerine difluorohydrin yields epi- 
chlorohydrin. The properties potassium fluoride are prorounced that, 
using it. possible split off hydrogen chloride from the with 
the formation olefins: thus, bornyl chloride when heated with anhydrous potassium fluor- 
ide gives almost quantitative yield camphenes. 


When the reaction ethylenechlorohydrin with anhydrous potassium fluoride con- 
ducted under pressure, when ethylene oxide and bifluoride are heated 
ethylenefluorohydrin formed 35-40% yield theoretical. Thus. the reaction 
with potassium fluoride proceeds two stages: first ethylene oxide 
formed, which subsequently split bifluoride with the formation ethylenefluoro- 
hydrin. 


The high yields obtained and the simplicity the procedures suggest wide applica- 
tion for this new method preparing various fluoro-organic compounds, not obtainable 
earlier methods Thus with different functional groups could only rarely ob- 
tained from the corresponding chloro and derivatives metathetic reactions. 


the first article, description was given series reactions and 
tives fluorine containing alcohols, chlorofluoroacetone, epifluorohydrin, and others. 
subsequent conversions, fluoroacetals, fluorine substituted acids, fluorinated ethers 
and esters, fluorine substituted esters mineral acids, fluoroalkylamines, fluorinated 
hydrocarbons, etc., were obtained. The types and properties the obtained fluorides are 
tabulated herein. 


. 


Among the derivatives fluorohydrins, the esters the latter occupy special 
place: they are obtained readily the action halogen organic and inor 
ganic acids fluorohydrins: phosphate, 
and others. 


number these esters sulfonic acids have strong alkylating action. 
using them, because comparative stability the fluoro-carbon bond, the 
ethylation series ccmpounds was obtained. Thus, using esters 
sulfonic acids obtained: fiuorophenetol from from 
potassium iodide, from diethylamine, from 
phenyl magnesium bromide, and others. Thus, derivates and positions; 
various classes organic substances became available. means these reactions, 
possible synthesize compounds with several functional groups without disturbing 
the fluorine bond. Such reaction products are obtained only with great 
other methods. Under somewhat more severe conditions, fluorine atoms these compounds 
can protected conversions characteristically used with the other halogen derivutives. 
Thus, the possibilities synthesis are wide scope. 


EXPERIMENTAL PART 


Ethylfluorohydrin and potassium Into round bottom flask provided 
with refluxing column connected with trap, 80.5 pure ethylenechlorohydrin and 
118 anhydrous potassium fluoride were added with cooling. The mixture was refluxed 
oil bath. The formation ethylene oxide started once, condensing the trap. 
The yield ethylene oxide was g., representing 90% the yield. The 
residue the flask consisted equimolecular mixture potassium chloride and 
fluoride. 


Ethylenefluorohydrin. steel vessel 0.75 liter capacity were introduced 
118 potassium trifluoride and The vessel was heated 
oil bath temperature for 4-5 hours. After cooling, the reaction mixture 
was extracted with ether. The ether cxtract was dried with potassium fluoride and dis- 
tilled through column containing Fenske rings. After three fractionations, there was 
obtained 19.5 pure ethylenefluorohydrin. b.p. 101-103°; yield theoretical. 


ser and tube for passing 19.2 (0.3 moles) 49.0 (0.1 mole} 
were added. The reaction mixture was cooled with ice and saturated 
with dry hydrogen chloride gas until the trihydroxymethylene was completely dissolved. 
After standing for hours room temperature, the liquid separated into two layers. 

The upper aqueous layer was removed. The lower layer was dried over freshly ignited mag- 
nesium sulfate; hydrogen chloride was removed passing current dry nitrogen for 

hours. and then doubly distilling the residue atmosphere nitrogen. chloro- 
fluorcethyl ether colorless mobile liquid with slight odor formalin; 
yield 60% theoretical. 


ether. Into bottom flask, provided with 
reflux condenser and dropping were fluoroethyl ether glycol 
and ml. absolute benzene. i4.4 dry pyridine and gradually, with cooling and con- 


tinuous shaking, 21.4 chloride. After complete addition the thionyl 
ide, the reaction mixture was heated boiling water bath until further evolution 
After cooling, pyridine hydrochloride precipitated, was filtered off and washed 
with small portions dry benzene; the extracts were added the filtrate and neutral- 
ized with dry soda. Benzene was distilled off and the residue fractionated. re- 
peated distillation, 8.4 ether was isolated. Yield 24% 
theoretical; clear liquid: 


Into round bottom flask, provided with reflux condenser 
and dropping funnel, were introduced ml. methyl alcohol and 1.15 metallic sodium 
(0.05 moles). The methylate was cooled, mixed with 4.7 pure phenol (0.05 moles), and 
while being thoroughly shaken, with (0.05 moles) ester p-toluene- 
sulfonic acid. After minutes, sodium toluene sulfonate precipitated. complete 
the reaction, the mixture was heated water bath for hours. Methyl alcohol was. 
distilled off. the residue treated with water, and fluorophenetole extracted with ether. 
The ether solution was washed repeatedly with 30% NaOH solution, then with water and 
dried over freshly ignited potassium fluoride. The ether was distilled off, and the resi- 
due distilled under vacuum. B-fluorophenetole separated. This appeared color- 
less plate-like crystals, 36.5° and b.p. 88-90° 


Found 68.0; 6.68 


B,B' ether methylene glycol Into 
flask, provided with reflux condenser and tube for passing hydrogen chloride, were 
introduced 30.0 (0.47 moles) ethylenefluorohydrin and 4.5 (0.05 moles) trioxymethyl- 
ene. After cooling with ice, the reaction mixture was saturated with dry hydrogen chloride 
until the trioxymethylene dissolved completely. After standing for hours room temp- 
erature the liquid was carefully neutralized with solid, slight moistened soda. The 
oil which separated after neutralization was dried with freshly ignited potassium fluor- 
ide and distilled under atmospheric pressure. 


ether methylene glycol clear oily liquid with pleasant 
ethereal odor; b.p. yield 50% theoretical. 


Calculated: 28.47. 


Into flask, provided with reflux condenser and 
dropping funnel were introduced (0.62 moles) ethylenefluorohydrin, 15.9 (0.1 moles) 
freshly ignited blue vitriol. 14.2 moles) freshly distilled acetaldehyde was 
then added slowly with ccntinuous shaking, while cooling the mixture with ice. The reac- 
tion mixture was allowed stand room temperature for days. The blue vitriol, which 
turned green, was filtered and the filtrate fractionated. 
acetal coloriess liquid with sharp odor. b.p. 80° Yield 20% theoretical. 


Calculated: 33.068. 


saturated aqueous solution nitrite (22 ml. The solution 
chloric acid was then added slowly with thorough shaking. The upper layer was 
seperated. rapidly washed with ice water, dilute soda, then 
with water; dried over freshly prepared potassium fluoride and distilled atmos- 
pheric pressure. There was obtained 11.4 fluoroethylnitrite with b.p. (after 
peated distillation, yield 40%. liquid with pleasant almond- 
like decompcses when stored air. 


20 20 


{in with N.M. Korneichuk). Into 
round bottom flask, provided with stirrer, reflux condenser, thermometer and dropping 
funnel, were introduced moles) pyridine and ml. absolute ether. the mix. 
ture, with continuous stirring, solution 22.9 mole) phosphorous trichloride 
and absolute ether was added. The reaction temperature was controlled 
the rate addition phosphorous trichloride; time addition was hours. Upon 
pletion addition, the stirring was continued room temperature for another hours. 
The precipitated pyridine was filtered off rapidly, washed several times 
with portions absolute ether and dried vacuum desiccator. The ether was 
distilled off from the combined ether extracts, and the residue repeatedly fractionated 
under reduced pressure. 


mobile liquid with unpieasant odor resembling hydrogen this compound has 
depressant effect the central nervous system. 


10; ester dichlorcphosphoric acid. Into round bottem flask, 
provided with stirrer, dropping funnel, thermometer and refiux condenser, were intro- 
added with thorough stirring and cocling with cold water. The temperature the reac- 
tion was controlled the rate addition Upon com- 
pletion addition, the stirring was continued room temperature ancther hours. 
Hydrogen chloride was removed passing through stream dry COs. The reaction pro- 
ducts were fractionated under reduced pressure. Fraction b.p. 


represents ester acid; yield 20.5 35.4% 
thecretical. 


Intc round bottom flask, fitted with thermometer, 
refiux condenser and dropping funnel, were introduced ethylenefluorchydrin and 
Tri Into round bottom flask, provided with stirrer, 
thermometer, reflux condenser and dropping funnel, were introduced moles) 
ethylene flucrohydrin, 39.3 moles, pyridine and absolute benzene. the 
mixture, with continuous stirring, was gradually added solution 23.2 mole) 
oxychloride and mi. benzene. The reaction temperature (not above 
was the rate addition Pyridine hydrochloride 
precipitated. Upon completion addition the temperature was raised 


55°, and stirring continued at' this temperature for another hour. The reaction mixture 
was cooled, the precipitated pyridine filtered off rapidly. and washed 
times with small portions absolute ether. The ether extracts were added 
the benzene solution. The solvents were distilled off and the residue fractionated under 
reduced pressure. After repeated distillation, the boiling point 
phosphate was 169° mm; yield 60% theoretical. Colorless oily liquid with 
mild pleasant odor ether. 


12) B-Fluoroethylchlorosulfonate. Into round bottom flask, provided with re- 
flux condenser and dropping funnel, were introduced 25.0 chloride and grad- 
ually, with 6.4 ethylene fluorohydrin. Initially, the temperature was main- 
tained 40°; toward the completion the after evolution hydrogen 
chloride had the temperature was raised 60°. chloride was removed 
passing current dry air through, and the condensation product was distilled under 
vacuum. One fraction was separated with 80° mm. another 
fraction b.p. 81-82° mm. 4.3 The first fraction 


sulfonate. Coloriess mobile liquid with sharp unpleasant lachrymatory odor; yield 
62% theoretical. 


Calculated: 27.79. 


The fraction with 81-82° mm. represents sulfate; yield 
12% theoreticai. 


13, sulfate. round bottom flask, provided with re- 
flux condenser and dropping funnel were introduced 12.8 ethylenefluorohydrin and, with 
shaking and cooling equimolar amount sulfuryl chloride. Upon completion addi- 
the reaction mixture was heated water bath temperature for 
hours. Hydrogen chloride was removed passing current dry air through, and the 
reaction product was distilled under vacuum. Colorless mobile liquid with mild, pleas- 
ant ether odor. 


1.4080; 


14, Flucroethyl ester toluenesulfonic acid. Into round bottom flask, 
provided with funnel and thermometer, were introduced moles 
mole toluenesulfochloride. With cooling and continuous stir- 
ring temperature 10° 30% sodium hydroxide solution was slowly added until 
the mixture was alkaline phenolphthalein: the stirring the reaction mixture was 
continued for another hours. The precipitated NaCl was filtered off. The lower 
Jayer was washed with water. dried under vacuum and distilled under reduced 
pressure upper layer consisting excess ethylenefluorohydrin was used for the 


ether toluenesulfonic acid and 7.7 diethylamine. The tube was sealed 


¥ 
- 
| 
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and heated boiling water bath for hours; upon ccoling, the contents the tube 
crystallized. The reaction mixture was dissolved water, salted out with sodium 
hydroxide and extracted with ether The ether extract was dried over fused KOH, the 
ether was distilled off, and the residue then distilled pressure. 


20 £0 . 
Calculated: 


134 136°. 


16) flask, fitted with refiux condenser and dropping 
funnel, ether solution phenyl magnesium bromide (15.7 bromobenzene, 2.4 mag- 
nesium and absolute ether) was prepared. this, with shaking, was 
added the ether solution fluoroethyl ether p-toluenesulfonic acid (21.9 and 
and ml. absolute The reaction was exothermic, the ether boiling. white 
voluminous precipitate separated out. the following day, the reaction mixture was 
heated water bath for hours; then was cooled, and the contents the flask 
treated slowly with dilute sulfuric acid until the precipitate was completeiy dissolved. 


The reaction product was repeatedly extracted with ether. The ether extract was 
washed with soda solution and then with water until neutral, and then dried over freshly 
ignited potassium fluoride. The ether was distilled off, the residue distilled under 
reduced pressure. The main fraction boiled temperature 57-60° mm. 
point atmospheric pressure yield 30% theoreticai. Coloriess mobile 
liquid with mild pleasant odor. 


funnel, and reflux condenser were condensed phosgene, and, with cooling and continuous 
stirring, ethylenefluorohydrin were slowly added. The rate addition gov- 
erned the desired temperature 0°). Upon completion addition 
fluorohydrin, the reaction mixture was allowed stand for hours temperature 
2°. The excess phosgene was removed passing curreat dry air through. The 
residue, oil with light orange color, was distilled under atmospheric pressure. 

with sharp lachrymatory properties. 


Calculated: 22.58. 


Difluorodiethylcarbonate. Into round bottom flask, provided with re- 
flux condenser, were introduced 3.2 ethyleneflucrohydrin and 6.3 
carbonate. The reaction was carried out temperature 140-160° for hours. Upon 
completion heating, the reaction mixture was distilled under After repeated 
distillation there was separated B.p. 95-98° 
Yield 45% theoretical. Colorless liquid with pleasant odor. 


1.2552; 1.3940; 29.34. 


Calculated: 


19) acid. flask, provided with stirrer and drop- 
ping funnel, was introduced aqueous solution ethyleneflucrohydrin (15 ethylene- 
fluorohydrin ml. water). this (about g.), and 10% solution 


mi. 10% NaOH per were added together. The addition was 
gradual, fresh portion permanganate being added after each discoloration. Upon 
completion oxidation, manganese dioxide was filtered off. The filtrate was neutral- 
ized with dilute and evaporated under vacuum. The dry residue sodium fluoro- 
acetate was decomposed distilling with concentrated sulfuric acid. The distillate, 
aqueous fluoracetic acid, was dried over then and then redistilled. 
159-163°. The oxidation very slow, requiring several days; the yield acid less 
than 10% theoretical. the decomposition the dry residue, strong foaming ac- 
companied evolution hydrogen fluoride was observed. 


20, Chloroanhydride fluoroacetic acid. Into wide tube closed one end 
and connected with Liebig condenser, were introduced completely dried sodium fluoro- 
acetate and phosphorus pentachloride mole per moles sodium fluoroacetate). 
Upon heating the reaction mixture bath temperature 140-150° the 
anhydride the fluoroacetic acid was distilled off. After repeated distillation, b.p. 
Chloroanhydride clear, colorless liquid with strong lachrymatory properties. 
The compound fumes when exposed air. Yield 35% theoretical: 


21) flask provided with reflux column and 
connected straight condenser, were introduced mercuric fluoride (previously 
mixed with freshly ignited potassium fluoride) and 
tate. reaction mixture was gradually heated 135° (on bath) and then maintained 
this temperature for hours. Upon completion heating, the apparatus was attached 
vacuum pump and fluoroethylfluoroacetate distilled off, mm. After repeated 
distillation, b.p. mm. yield 24.5% theor- 
etical. Colorless, slightly mobile liquid with faint odor. 


Calculated: 22.23. 


22) Into round bottom flask, provided with re- 
flux condenser and dropping funnel, were introduced 6.7 and 
gradually, with shaking, 10.0 chloroacetylchloride. After addition the chloroanhy- 
dride, the reaction mixture was heated boiling water bath until the evolution 
hydrogen chloride ceased hours). The remaining hydrogenchloride was removed washing 
with small portions iced-water. The neutral solution was dried over freshly ignited 
potassium fluoride and twice under vacuum. Yield theoretical. Colorless 
mobile liquid with strong lachrymatory properties. 


23) Fluoroethylbromoacetate. round bottom flask, provided with reflux con- 
denser and dropping funnel, were introduced ethylenefluorohydrin and gradually, with 
shaking, bromoacetyibromide. The reaction mixture was heated boiling water bath 
until the evolution hydrogen bromide ceased. The remaining hydrogen bromide was re- 
moved washing with iced-water until neutral. The neutral solution was dried over anhy- 
drous potassium fluoride and distilled twice under vacuun. 


heavy slightly colored liquid with strong lachrymatory 
properties 90° mm; decomposes atmospheric pressure. Yield 50% 
theoretical. 


= 


Table Synthesized Fluorides 


Formula 


CHs 


boiling 


86.5 


Index 
pres. re- 
frac- 
tion 


1.3640 


125- 126 


141.5-143.5 760 


167— 168 


114—116 


106—107 


169 


1.4130 
1.4120 


1.4170 


Method preparation 


FCHeCH20H 


KOH 


. 


point 
107—108 760 1.021 1.3822 
100 


melting Index 


pres. 


tion 
20° 


1.3900 


CHy 


Calculated: 


Into round bottom flask, provided with reflux 
condenser and dropping were introduced ethylenefluorohydrin and carefully, 
with cooling, The reaction was completed heating water- 
bath until the evolution hydrogen chloride ceased. was twice 
distilled under vacuum. Yield 40.5% theoretical. B.p. mm.; reddish 
liquid with lachrymatory properties. 


25) B-Fluoroethylacetate. Into round bottom flask, provided with reflux con- 
denser and dropping funnel, were introduced 3.2 ethylenefluorohydrin and gradually, 
with shaking, 4.8 acetylchloride (an excess approximately 25%). Upon completion 
addition chloroanhydride, the reaction mixture was heated boiling water bath until 
the evolution hydrogen chloride ceased. The excess acetylchloride was removed 
distilling the reaction product over fused sodium benzoate. After repeated distillation, 
the b.p. Yield 52% theoretical. Colorless liquid 
with ethylacetate type odor. 


1.382; MRp 22.63. 


Calculated: 22.23. 


26) ester fluoroacetic acid. flask provided with reflux 
condenser were mixed fluoroisopropyl ester iodoacetic acid, mercuric fluor- 
ide. The contents the flask were heated boiling water bath for hours, followed 
heating oil bath 140° for hours. The metathetic reaction proceeds gradually, 
the color the reaction mixture changing during the heating process from light yellow 
brown. Upon completion heating, the reaction product was extracted with dry ether. The 
ether was distilled off and the residue distilled under vacuum. Several distillations were 
then carried out under atmospheric pressure. B.p. 166-168°. Yield 40% theoretical. 
Clear, colorless liquid weak ethereal odor. 


20 e . 20 . 
1.202; 1.398; 27.64. 
Calculated: 26.85. 


Fluoroisopropyl ester iodoacetic acid. Into round bottom flask, provided 
with reflux condenser and dropping funnel, were introduced fluoroisoproryl 
and carefully. with cooling, 51.4 chloroanhydride acid. Upon comple- 
tion addition, the reaction mixture was heated temperature until the 
evolution HCl ceased. The mixture was then cooled and the reaction product extracted 
with ether. The ether extract was washed with water until neutral, and then dried over 
fused potassium fluoride. The ether was distilled off and the residue was distilled under 
reduced pressure. B.p. 100-104° mm, Yield 60% theoretical. Light brown color, 
gradually darkening upon exposure light. Strong lachrymatory properties. 


28) 1,3-Fluorochloroisopropyl ester fluoroacetic acid. Into flask provided 
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with reflux condenser were introduced and 
gradually, with shaking, mixture mercuric fluoride together with freshly 
ignited potassium fluoride. The reaction mixture was heated boiling water bath 

until the irritating odor present disappeared hours). After completion the reaction, 
fluorochloroisopropylfluoroacetate was extracted with ether. The ether was distilled off, 


under reduced pressure. 121° mm). Yield 15%. Colorless liquid with mild, 
pleasant odor. 


20 9) . 


29) ester acid. Into round bottom 
flask. provided with reflux condenser and dropping funnel, were introduced 1,3- 
alcohol and gradually, with cooling 38.5 chloroanhydride iodo 
acetic acid. Upon completion addition, the reaction mixture was heated temperature 
until the ceased. cooling, the reaction product was ex- 
tracted with ether. The ether extract was distilled off, and the residue redistilled 
under reduced pressure; after repeated distillation, b.p. 113-115° mm; yield 
theoretical. Reddish liquid with strong lachrymatory properties. 


CONCLUSIONS 


has been shown that ethylenechlorohydrin can converted ethylenefluoro- 
hydrin means potassium fluoride and polyfluorides. The conversion proceeds through 
the intermediate stage formation ethylene oxide. 


been shown that potassium fluoride capable splitting off hydrogen 
chloride from chioroanhydrins and alkyl halides. 


Fluorine derivatives various groups organic compounds have been 
fully prepared conversions from fluorohydrins: compounds prepared fluorinated acet- 
acids. ketones. amines, ethers, esters, hydrocarbons, etc. 


has been shown that synthesized esters sulfonic acids can 
used reagents substitute group various substances containing 
active hydrogen atom. 


This new method forming fluorocarbon bond (consisting the 
aliphatic oxides with anhydrous hydrogen fluoride and its acidic salts) has extended 
considerably the preparation compounds mixed functional groups. 


Subm. tied the Editor 
May 10- 1947 
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PREPARATION ALCOHOLS THE GRIGNARD REACTION USING OLEFINIC OXIBES 


USING ETHYLENE OXIDE AND ALSO, THE 
SYNTHESIS 2-METHYLHEXANOL-2 USING PROPYLENE OXIDE. 


Organic Chemistry State University 


The mixed magnesium organic compounds discovered Grignard have made feasible the 
rapid and simple preparation many alcohols. Many syntheses alcohols the action 
RmgX aldehydes, ketones. and esters have been described. But few systheses using 
olefin oxides have been reported, although these compounds undoubtedly can used more 
extensively. 


order extend Grignard’s reaction, and also elucidate the mechanism involved, 
data are given the preparation four alcohols using olefin oxides; 

2,2-dimethy lbutanol-4, from ethylene oxide and 

2,2 dimethylpentanol-5, from ethylene oxide and 

2-methanol-5, from propylene oxide and 

heptanol-2, from propylene oxide and 


these alcohols, 2,2-dimethylpentanol-5 described for the first time. The 
alcohols were prepared follows: 


OMgX 
which, for ethylene oxide, represents hydrogen; then with ethylene oxide primary al- 
cohols are obtained and with propylene oxide, secondary alcohols. formation al- 
cohol using olefin oxides and Grignard reagent usually represented starting with 
the formation molecular compound the initial substances involved. After distilling 
off the ether elevated temperatures. alcoholate formed. The oxide ring rup- 
tured, and new bond formed. After decomposing the alcoholate with water the cor- 
esponding alcohol prepared. 


believed that somewhat different mechanism may more accurate: Ethylene 
oxide displaces some ether Grignard’s reagent and takes its place; when heated, after 
the ether distilled off, there rearrangement the new complex with 
off second quantity ether, which distilled off (this always obser- 
ved the moment rearrangement); the alcoholate formed after rearrangement yields, 
decomposition with water, the corresponding alcohol. 


All this can expressed, for example, the case ethylene oxide follows: 


. 


interest that heating reagent obtained from tertiary butyl 
chloride with ethylene oxide order accomplish the rearrangement according equation 
II, violent reaction explosive character observed The reaction 
mixture was strongly exothermic and frequently burned the flask with the evolution 
gray pungent smoke. the flask remained carbon and magnesium oxide mixture with 
the halogenated salt magnesium; therefore, order carry out the reaction, the 

ether was first distilled off the bath temperature. not exceeding 55°, then dry toluene 
was introduced into the flask and the heating continued. The rearrangement was under con- 
trol the toluene after treating with water was separated. 
other cases the rearrangement comparatively mild, usually accompanied strong 
foaming reaction mixture and the distilling off ether. 


PERIMENTAL 
Preparation 


reagent was prepared usual from tertiary butyl chloride and 
magnesium shavings, the presence ether. The complex was then decanted from the 
unreacted cooled 12°C, and ethylene oxide added (in mixture 
two volumes absolute The mixture was stand for hours, then the 
ether was distilled off water bath temperature 55°C. After distilling off the 
ether white, solid mass remained the flask. Dry toluene (100 was added and the 
mixture heated boiling water bath for hours. The muddy-green the flask was 
cooled, decomposed with ice and acidified with hydrochloric acid. The toluene layer was 
separated, and the aqueous layer extracted with then the toluene and ether extracts 
were dried with fused magnesium sulfate. After distilling off toluene the ether extract 
was added the residue, ether distilled off, and the residue distilied. fraction 
b.p. amount 5.0 was collected, and the latter yielded 4.5 liquid 
ab.p. having pinelike odor. Yield alcohol theoretical. 


Calculated. 31.43 


The constants for this alcohol are not given the literature. 


0.1325 substance: 30.1 ml. (10°. 756 mm). 
Found 16.63 

chenical properties, 


aud Locher Meyer this was confirmed oxidizing this alcohol with chromium 


and aldehyde was found qualitative tests solution, ammoniac- 


solution silver oxide and fuchsine sulfurous acid,. 


This alcohol was synthesized Delacre from and potassium acetate 


bromopropane, ethylene oxide mixed with ml. absolute ether was added while cooling 
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this compound acts primary with bromine 


mixture was ‘allowed stand for hours ice water, and the ether 
was distilled off. This was followed strong foaming the reaction mixture 
ied exothermic reaction and the distilling off more ether. The reaction mixture 
was cooled and decomposed with ice water. The treatment followed. The distillatien 
yielded fraction b.p. 155 162°C; this yielded fraction b.p. 158 162°C. 


The alcohol was colorless liquid with odor burnt castor oil; small con- 
centration has odor rotten apples. Insoluble water. miscible with alcohol and 
ether. Yield alcohol 30.3% tkeoretical. 


1.4315; di? 0.82; 35.76. 
Calculated: 36.05. 


Found 72.04; 13.30 


Found 
Urethane, m.p. 234°C. The chemical properties the product are those prima 
with bromine, Locher -Meyer: reaction [3] 
addition, the oxidation the alcohol with chromium mixture yields aldehyde, 
confirmed qualitative tests with Fehling’s solution and with fuchsine-sulfurous acid). 


the Grignard reagent, prepared from wagnesium and isobutyl bromide, 
propylene oxide 38°C) was added, mixed with various volumes ether. 
The usual treatment followed, the second experiment. 4.5 alcohol, b.p. 148 -150°C, 
was Yield alcohol theoretical. 
Found 70.80; 13.67 
The product behaved like secondary alcohol This aicohol was first obtained 
the reduction methylisoamylketone, and then the action acetaldehyde zinc diiso- 
amyl. The alcohol constants given the literature are: 


b.p. 148 150°C and 0.8185. 


Preparation 


reagent was prepared from maznesium and butyl bromide. Propyl- 
ene oxide The subsequent operations were conducted the second case. Separated 
b.p. 155 158°C. Yield alcohol 30% theoretical; alcohol has mint-like 
and insoluble water. 


0.1650 33.5 ml. 760 mm). 
Found 14.81 
The product behaves secondary alcohol. First heptanol-2 was obtained chlor- 
ination heptane, esterification the chlorinated product and saponification also, 
from amyl and acetaldehyde and the reduction methylamylketone with 
sodium amaigam 
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The constants given for the alcohol the literature b.p. 157-158°C (Henry 
and 


9.8193; 1.4213 (Henry). 
a 


reacting ethylene oxide with Grignard reagent, prepared from tertiary 
chloride and the following alcohols have been synthesized: 2,2- 
with yield 13.2% and with yield 33.3%; 
the latter reported for the first time. 


reacting propylene oxide with Grignard reagent prepared from butyl bromide 
and isobutyl bromide, the following alcohols have been synthesized; heptanol-2 with 
yield 30% and 2-methylhexanol-5 with yield 20%. 


satisfactory mechanism for the formation alcohols the reaction 
olefin oxides with Grignard’s reagents has been proposed. 


Grignard, C.r., 136, 1260 Meyer. Analysis and determination 
structure Organic Substances, meyer, Locher, Ber. 1510 (1874); 539, 
(1876). —[4] pelacre, Rohn, Liev, Ann., 190, 309 
Sokolov, Rus. Phys. Chem., Soc., 19, 199 (1887). Schorlemmer, Liev. Ann., 161, 
278 Henry, DeWall, Zb1., 1909, 1,(1854) —[®] Pickard, Kenyon, Chem. Soc., 
99, (1911). 


Submitted the Editor 
June 1948 
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THEIR DERIVATIVES and ALKAMINO ESTERS and 
TETRAHYDRO- 1-NAPHTHALENE-CARBOTHIOLIC ACIDS. 


All Union Scientific-Research Institute 
Memorial). Moscow. 


The purpose the present investigation was the preparation several alkamino 
ar-4-amino-and acid for test 
anesthetics. the preparation these alkamino esters the following methods were used: 


carbothiolate with subsequent reduction the nitro-group the prepared alkaminoesters 


and gradual building the ester group and the reduction the alkaminoesters 
nitrotetrahydro thionaphthenic acids 


The initial products not described the literature, 
carbothiolic acid, were obtained the action alcoholic solution potassium sulfohy- 
drate the chloroanhydride the corresponding ar-nitro-tetrahydronaphthoic (see pre- 


vious communications); both ar-4 nitro and ar-nitrotet acids 
represent crystailine solid substances. 


addition several alkaminoesters, prepared disulfides and some esters. 
For pharmacoicgical testing, the hydrochlorides diethylaminoethyl, and the 
ester 3-aminotetrahydronaphthalene-carbothiolic acid, were prepared. 


The pharmacological testing showed that alkaminoesters 
acid are effective anesthetics; negative results were obtained: 
aqueous solution the hydrochloride diethylaminoethy] ester 
acid caused anesthesia the cornea rabit for minutes; the anesthesia 
started minutes after application. 


Alkaminoesters 3-amino tetrahydronaphthoic acid, although possessing anesthetic 
caused irritation and hyperemia. 


PERIMENTAL 


acid 


Into three neck flask. fitted with mechanical stirrer and thermometer, was intro- 
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duced aqueous alcoholic solution hydroxide (3.4 KOH, 2.9 ml. water 
ethyl alcohol). The solution was cooled to-5°C and current hydrogen sulfide 
passed until the gain weight was (at 


Upon completion saturation, sclution potassium sulfohydrate was added 
carboxylic acid and ml. absoiute benzene. 


The mixture was stirred for 10-15 minutes and then filtered. Alcohol, benzene and 
water were distilled off from the filtrate. The residue consistei crystals 


The potassium salt was dissolved from the filtrate, addi- 
tion 10% hydrochloric acid, the free carbothiolic acid 
was The hitrothioecid, separating oil, was extracted with ether: the ether 
solution was dried with anhydrous and then distilled off; the remaining substance 
upon rubbing hardens rapidly yellow crystalline mass. 


from aqueous alcohol, appeared fine yellow crystals, readily 
temperature alcohol, acetone, ether, and dichlorcethane, and sparingly soluble 


ether and water. 


nitrothioacid quite stable the air. (84% theoretical). 


4.670 mg. substance: 4.66 mg. 
4.697 mg. substance: 4.64 mg. Bas 
Found 13.70, 13.57 


Disulfide carbcthiolic acid 


through the solution was passed current air for hours; this was then allored stand 


for several hours. 


crystalline precipitate disulfide separated. After 


from dichloroethane: m.p. 


cohol, hydrochloric acid (1:1) added until acid, and slowly, dropwise, solution 
yellowish precipitate was After recrystallization from 163 


The disulfide readily soluble carbon tetrachloride, readily soluble when heated 
dichlorethane, and sparingly soluble alcohol, benzene and ether. 


3.920 mg. substance: 3.90 mg. 
Found 13.66 


B-chloroethyl ester ar-4 nitrotetrahydro-1 acid 


and 


Into round bottom flask, provided with reflux condenser, were placed 


freshly distilled chlorobromoethane. 


For subsequent investigations ar-4-nitro-1-tetrahydrothionaphthoic acid, such. not isolated. 
but its potassium salt was used the experiments. 


The potassium salt 


obtained after distilling off alcohol. benzene and water was dissolved dry 


acetone; upon adding ether the filtered solution, the potassium salt the acid separated 
out bright yellow shiny scales. The potassium salt ar-4 nitro acid 
readily soluble alcohol.acetore and water, but insoluble ether. 


110 


The mixture was heated bath for hours temperature). When 
the color the solution changed from orange-red 


Upon completion heating, potassium bromide was separated and the excess alcohol was 
distilled off vacuo. The remaining crystalline substance was recrystallized from ethyl alcohol. 
portion remained undissolved and represented side product which described 


ester ar-4-nitrotetrahydro-1-naphthalene-carbothiolic acid appeared color- 
less shiny scales (after three recrystallizations,. m.p. 59-60°C. readily soluble ether, benzene, 
and chloroform sparingly soluble alcohol. and insoluble water. Obtained 2.95 (50% 


6.590 mg. 3.120 mg. AgCl 
5.855 mg. substance: 2.805 mg. AgCl 
Found 11.71, 11.85 


ester acid 


Into round bottom provided with reflux condenser, was placed 2.8 
ester carbothiolic acid, 5.6 freshly distilled diethylamine 

and 0.1 sodium iodide. The mixture was heated water bath with slight boiling the mixture 
for eight hours. Upon completion the reaction. the mixture was poured into water, and the aqueous 
solution extracted with ether; the ether solution was washed with water and dried with anhydrous sodium 
sulfate. The ether and traces diethylamine were distilled off. The remaining oily substance was 
dissolved small amount absolute ether and ether solution hydrogen chloride carefully 
the alkamino ester was separated crystalline substance. 


acid recrystallized twice from mixture and ether, appeared colorless, shiny plates: 
readily soluble alcohol, acetone and water, and insoluble ether, benzene, di- 
chlorecthane and 


3.840 mg. substance: 

4.620 mg. 

Found 

Calculated 


Oml. 733 mm) 


Into three necked flask fitted with mechanical stirrer and reflux condenser were placed 
acid ethyl alcohol and 0.05 ml. hydrochloric acid sp. gr. 1.17. The reaction mixture 
was heated water bath with stirring temperature, and that temperature 
iron filings were added slowly period hour. The mixture was heated boiling and the 
heating continued with stirring for hour. 


The mixture was allowed the alcohol solution decanted, and the precipitate ferric 
hydroxide boiled twice with The alcohol solutions were combined and filtered through fo! ted 
filter. The was distilled off vacuo. The remaining oily substance was dissolved water 
and adding 10% sodium carbonate solution the free base was liberated. extracted with ether, and the 


and from the filtrate addition ether solution hyurogen chloride the hydrochloride 
alkamino ester was liberated. 


The diethylaminoethyl ester carbothiolic 
acid after recrystallization from appeared colorless crystals m.p. readily 
scluble and water and insoluble ether. 


The materiai inscluble ethy! alcohol was 


very sii solubie 


ether uticn washed with water and dried over anhydrous solution was filtered, 


2.501 mg. substance: (20°C, 737 mm). 
Found 8.39. 


The citrate ester ar-4-aminotetrahydro-1-naphthalene acid 

was obtained the action the alcohol solution citric acid the ether solution the base 
diethylaminoethyl ester ar-4-aminotet carbothiolic acid. The citrate was lib- 


erated yellow crystalline powder. Recrystallized several times from absolute ether, 


melts The citrate alkaminoester was readily soluble water and and almost 
completely insoluble ether and benzene. 


Into round bottom flask, provided with reflux condenser, were placed 2.8 solution 
the potassium carbothiolate. the solution were added 2.4 
freshly distilled diethylaninopropylchloride. The mixture was heated water bath for hours 
completion heating the precipitated potassium chloride was separated and washed 

with The alcohol and traces unreacted chloride were distilled off 
under vacuum, the remaining oily substance was dissolved ether. the ether solution washed with 
water and dried with anhydrous sodium sulfate. The ether solution was filtered, and the filtrate 
was added ether solution hydrogen chloride, the hydrochloride alxaminoester being precipitated 
oil; this was then crystallized: m.p. After recrystallizations, first from absolute 
alcohol and then from alcohol, the hydrochloride ester ar-4-nitrotetra- 
carbothiolic acid separated out colorless crystals. m.p. readily 
soluble alcohol and water and insoluble ether and benzene. yield 


5.940 mg. substance: 0.377 746 mm). 
mg. substance: 4.497 mg. 
Found 7.36, 7.38; 8.30, 8.34. 


Y-Diethylaminopropyl ester carbothiolic acid 
Into three neck flask, fitted with mechanical stirrer and thermometer, was introduced 
aqueous-alcohol solution potassium hydroxide (2.7 KOH, ml. and ml. ethyl alcohol). 


The solution was cooled -5°C and current hydrogen sulfide passed until there 
gain weight 2.7 g., the temperature being maintained 


completion saturation, the solution potassium sulfohydrate, solution 


5,3-chloranhydride carbothiolic acid ml. absolute benzene 
was slowly added 


The mixture was stirred for another 10-15 minutes and filtered separate the precipitated 
potassium chloride and small amount disulfide. Alcohol, benzene and water were distilled off 
under vacuum from the filtrate; the remaining yellow crystalline precipitate the potassium 
carbothiolate was dissolved water and filtered into 10. 


The precipitated carbothiolic acid was filtered off, 
washed with water and recrystallized several times from ethyl alcohol. The yellowish fine 
mp. are readily soluble the cold alcohol, acetone. dichloroethane, benzene and 
ether, and insoluble water. Yield: (89.8% theoretical). 


mg. substance: 0.422 730 mm). 
mg. substance: 0.4@ ml. (18°, 
mg. substance. 19.40 


the subsequent reactions, instead halene-carbothiolic aci:. 
its potassium salt was used. The latter was obtained the same method ar-4- 
(See the corrésponding experiment). Potassium ar-3-nitro-1- 


tetrahydrothionaphthonate shiny orange crystals, readily ace- 
tone, and water. and ether. 
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Disuifide ar-3 acid 


0.3 acid was dissolved ml. ethyl alcohol, 
the alcoholic solution filtered and current air passed through the filtrate for hours. The 


separated fine crystals disulfide were filtered off and recrystallized several times from di- 
158-159°C. 


Disulfide alsc formed from ar-3-nitro-1-tetrahydronaphthoic acid adding its al- 
coholic solution iodine (in alcoholic solution) solution FeCls. 


The disulfide appeared colorless crystals. readily soluble when heated dichloroethane 
chloroform sparingly solubie alcohol and almost completely insoluble ether. 


11.62 mg. substance: 11.58 mg. 
Found 13.68 


Ethyl ester ar-3-nitrotetrahydronaphthalene 1-carbothiolic acid 


alcoholic solution KOH. the solution was filtered and 0.6 ethy! iodide edded the filtrate. 


The mixture was heated water bath round-bottom flask. provided with reflux 
ser. for hours 45°C (bath temperature). 


Upon completion the reaction, potassium iodide was filtered off, and the excess alcohol 
distilled off vacuo. 


The remaining crystalline precipitate was recrystallized several times from ethyl alcohol. 


Light colorless needles m.p. readily soluble alcohol. acetone, and di- 
chloroethane and insoluble water. 


6.400 mg. substance: 0.340 (13.5°, 741.5 
7.306 mg. 0.342 (14 741.5 mm) 
Found 5.32, 5.43. 


Into round-bottom flask. with reflux condenser, introduced clear solution 
potassium 100 ml. absolute ethyl alcohol. 
the solution was added 2.4 freshly distilled The mixture was 
heated water bath for hours 40°C. Upon completion the reaction the precipitate was filtered 
off and the alcohol was distilled off from the filtrate. The remaining oily substance was 
heated water bath under vacuum remove traces unreacted and 
then dissolved ether: the ether solution was washed with water and dried with anhydrous 


Upon acidifying the ether solution the base alkamino ester with hydrogen chloride 


solution the hydrochloride ester carbo- 
acid separated out powder. 


After several recrystallizations from mixture absolute alcohol and ether there were 
tained fine crystals readily soluble ether benzene. Yield 4.5 


Found 7.31, 7.14. 


tnree-neck flask, provided with mechanical stirrer and condenser were placed 
thiolic acid. alcohol and 0.15 ml. hydrochloric acid, sp. gr. 1.17. The reaction 
mixture was heated water with stirring, temperature); this temperature 


2.5 iron slowly added over period hours. The mixture was heated boiling 


The precipitated ferric hydroxide was settle, the alcohol was decanted, and 
the precipitate boiled several times with aicchol. The alcoholic soiutions were combined. filtered: 
and the alcohol was distilled off the remaining crystalline precipitate was recrystallized, 
first from absolute alcohol. then from 96% aicohol. 

thiolic acid appeared colorless scales readily soluble water and alcohol, almost 
completely insoluble ether and benzene. 

The salt soluble water ratio aqueous solutions showing weak alkaline reaction 
with stable storing and dces not deccmpose boiling. 


Found 


CONCLUS 


The and esters carbothiolic and ar-3-nitro- 
naphthalene carbothiolic acids have been prepared. 


Diethylaminoethyl and diethylamincpropyl esters ar-4-aminotetrahydro-1-naphthalene carbo- 
thiolic acid and diethylaminopropyl ester carbothiolic acid 
have been prepared. 


ester ar-4 carbothiolic acid possesses 
the best properties. 


Submitted the editor 
March 22, 1947 
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AMINO DERIVATIVES ESTERS 


Chemotherapy, 
Ministry the Medical Industry, 


Although much known the present time about alkyl and arly phosphoric esters, 
the diarylaminophosphonates the type have scarcely been investigated. 


However, phosphoric esters this type are interest the possibility 
catalytic decompositier the ester considered. This has been investigated Brigl 
aad Miller relation the diphenyl esters glycerophosphoric acids and phos- 
phofructose. has been established Zetzsche and [2] that not 

easy split the analide radical from the dianilidophosphoric esters hydrolysis. 
leads the possibility that the P-N bond can maintained when rupturing the 
bord hydrogenation. study these possibilities have synthesized several 


sulfanilamide radical. 


Recent methods for the synthesis dialkylaminophosphonates from alkylphosphites 
the action upon the latter chlorine carbon tetrachloride with the 
ing amine [+], were not extended the diarylphosphites. Therefore, obtain the di- 
arylaminophosphonates, employed the reaction between the diphenyl ester phosphoroso 
monochloride, and ester) monochloride with the corres- 
ponding among them several sulfanilamides, according the equation: 


The reaction carried out either pyridine ether, using double the quan- 
tities the amine indicated the equation. The ester the 
obtained the condensation phenol guaiacol with phosphorus oxychloride 

fractional vacuum distillation. obtain the maximum yield the ester 
chloride and the ester) phosphoroso chloride, 1.5 
phenol guaiacol used for every mole phosphorus oxychloride. 


The various diarylaminophosphonates obtained were easily substan- 
ces. With the exception the sulfanilamide derivatives, they were easily soluble 
ether and majority the organic solvents. 


Our attempts hydrolyze, stepwise, the diaryl-aminophosphonates were not success- 
ful All the diarylaminophosphonates studied did not submit the actions acids, al- 
kalies catalytic reducticn. all cases there was preferential hydrolysis the 
bond with the formation the diaryl esters phosphoric acid. The analyses were 


carried out our laboratory F.V. Rosin; the analysis for phosphorus was conducted 
according the method Naiman. 
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EXPERIMENTAL 


Condensation Guaiacol with Phosphorus §xychloride 


145-150° for hours, then the temperature the bath raised 190-200° and heated 
for another hours. After cooling the product the reaction heated vacuum 
drive off the excess and then distilled. After two-stage fractional distilla- 
tion mm. ‘here obtained: 


b.p. Weight Active liquid, strongly fuming air. 


crystallizes upon standing. Recrystallized from absolute alcohol long, 
lamellated crystals, m.p. 65-67°. 


0.2506 substance: 40.88, 41.30 ml. 0.5 


P.9.39, 9.12 


275-280° Weight Thick syrupy, gradually crystallizing liquid. 
crystallized from methanol, m.p. 


0.2240, 0.1798 substance: 30.47, 24.90 ml. 0.5 NaOH 
Found 7.53, 7.67 
Calculated 


Il. Preparation Diphenylaminophosphonate 


One mol the diphenyl ester phosphorosomonochloride added dropwise and 
with vigorous stirring chilled solution mol the amine pyridine mix- 
ture pyridine with acetone The reaction proceeds energetically with evolution 
heat. After standing room temperature for hours heating for minutes 


Dipheny lanilinophosphonate 


0.1266 substance 22.86 0.5 
0.1080 substance. 4.25 758 mm.) 
Found 
Calculated 
Prismatic crystals from acetone. Yield 80%. m.p. 146.5 147.5 
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0.3624, 0.3436 substance: 53.72, 49.87 0.5 
Found 8.03, 8.02 


Prom the diphenyl ester phosphorosomonochloride and the ethyl ester 
aminobenzoic acid. 


Rhombic crystals (from acetone mathanol). Yield 82%, 


0.2684, 0.2770 substance: 36.58, 36.90 ml. 0.5 NaOH. 


phosphonate 


Prom the diphenyl ester phosphoroso monochloride and piperidine with yield 
65%. Crystallizes from 85% methanol colorless needle-shaped crystals. 
0.1690 substance: 30.44 0.5 


Dipheny lbenzylaminophosphonate 
Needle shaped crystals (from ethanol). Yield 65%, m.p. 
2154 substance. 36.12 0.5 


Found 9.27 


Diphenyl-n lphosphonate 
4% 


Prom the dipheny! ester phosphoroso monochloride and sulfidine with 
The product the usual organic solvents. crystallizes 
mixture benzene and pyridine small needles, 215-216°. 

0.1146, 0.1388 substance: 14.06, 16.35 0.5 


Found 6.81, 6.51. 


From the diphenyl ester phosphoroso monochloride mols) and -diamino- di- 
mol). Yield 50-60%. Crystallizes from mixture alcohol and 


acetone small needles. m.p. 232-234°. 
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0.1696 substance: 6.94, 4.98 0.1% 
Found 4.14, 4.11. 


Add dropwise with stirring and chilling ether solution mol di- 
ether containing mols the amine. The 
product the reaction heated water bath for hour. The precipitated chloro- 
hydrate the amine fiitered, washed with ether, the ether mother-liquor evaporated 
syrupy consistency and treated with times its volume water. The separated oil 


gradually crystallizes; filtered off, washed with water, dried and recrystallized 
from suitable solvent. 


65% yield for the condensation aniline with 
monochloride. from alcohol needles, 129-130°. 
0.2212 substance: 31.19 0.5 


Found 


Di- (O-methoxyphenyl) piperidylphosphonate 


the above-described method with 70% yield. Upon treating the product 
the reaction with water, solidifies very slowly (in days). recrystallized 
from ether small needle-like crystals. 
0.1982, substance: 31.34, 27.20 0.5 


Found 8.70, 8.57 


Yield 70%. ethanol acetone needles, m.p. 


where the aromatic sulfamide radical. have been prepared. 


The prepared produce diaryl esters phosphoric acid 
upon hydrolysis catalytic reduction and under these conditions the preservation the 
phosphcamide bond was not realized. 


CITED 


Ber., 73, McCombie, Sanders, Stacey, Chem. Soc., 380. 
Atherton, Openshaw, Todd, Chem. Soc., 1945, 382, 


CLEAVAGE AROMATIC ARSINES ACYL CHLORIDES 


THE PRESENCE ALUMINUM CHLORIDE 


upon being solution carbon disulfide with acetyl chloride the oxychloride 


the determination the structure substituted since the acety! entered 
the arsenic. Acetophenone its substitutea preduct thus obtained identified 
such could oxidized inte derivatives benzoic acid; the latter was used for the 


the chloride using the cxychlorides these acids. 
Some considerations dealing these are also discussed, well some 

arlier-published reactions. 


first glance appears thut aluminun forms compicx with the oxychloride which 
reacts with arsine. The added the arsine similar the addition 
tae acyl radical carbon, shifting arsenic, and chicrine trom the the adjacent 
Aluminum chloride remains combined state with the resulting When the 
pléx treated with water off arsenic from the benzene ring: 


As203 


Thus, 


. ° 1 . 
‘ 


according Wieland [3] the Friedel-Crafts reaction. 


phenylchloroarsine the presence carbon disulfide with the oxychlorides 
isovaleric. n-butyric, isobutyric and propionic acids, the presence aluminum chloride, the 
following fatty aromatic ketones were obtained yields from n.propylphenylketone, 
ethy lketone, primary isobutylphenylketone. according the schemes: 


diphenylchloroarsine the presence aluminum chloride carbon disulfide solution 
with the same oxychlorides, the previously mentioned ketones were obtained with yields 
according the the schemes: 


-0 


. 


mixture 8.4 (1/30 phenyldichloroarsine, dry carbon disulfide, and 
excess above anhydrous aluminum chloride, placed flesk with vertical 
acid. b.p. The flask was cooled with snow. Upon the addition the oxychloride the mixture 
was allowed remain snow for minutes, and then heated water bath until the evolution 
hydregen chloride ceased. After 2.5 hours heating the carbcn disulfide was distilled off. 
the flask remained dark gray syrupy mass, which was poured into ice water. small with 
stirring. the bottom the: was collected dry with resembling that iso- 
butylphenylketone. The ketone was extracted with ether and the ether solution was dried with calcium 
chloride. After distilling off the ether the residue was distilled, the temperature rose rapidly, 
and 4.3 having the properties ketone was collected. After repeated 
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‘ 
Action oxychloride n-butyric acid phenyldichloroarsine 


Quantities used: 5.7 (1/40 g.-mole), oxychloride n.butyric acid 
excess above 1/40 g.-mole); b.p. 100-102°C, aluminum chloride 3.5 carbon disulfide 
The experiment was conducted the first case. After distilling off the ether, ketone 


fraction was collected the interval Yield 2.8 ketone, 73.7% theoretical. 


oxime 48-49 


Action oxychloride isobutyric acid phenyldichloroarsine 


Phenyldichloroarsine: (1/40 g-mole). The other substances were taken the same 
amounts the second experiment. B.p. oxychloride: 92°. experiment was conducted 
the first case. Yield 2.6 ketone: b.p. 213-217°. Yield 68.4% theoretical. m.p. oxime 


The experiment was conducted the first case. Yield 2.6 ketone: b.p. 
Yield ethylphenylketone: 76.5%. oxime 49-50°. 


13.2 diphenylchloroarsine (1/20 g.-mole) was dissolved dry carbon disulfide and 
added solution 13.8 anhydrous aluminum chloride (1/10 g.-mole). splitting off 
arsenic carried out using 12.5 oxychloride isovaleric acid: b.p. experiment 
was conducted the first case. Yield b.p. Yield 


M.p. oxime 
The action oxychloride butyric acid diphenylchloroarsine 


13.3 g.. g.. Yield 10.0 propylphenylketone: b.p. 220-226°. Yield 


Taken diphenylchloroarsine: 6.6 g., oxychloride isobutyric acid b.p. 
aluminum chloride 6.5 carbon disulfide 


The experiment was conducted the first case. Yield 4.5 isopropylphenylketone: b.p. 
214-218°C. ketone 60%. M.p. oxime 


chloride. carbon Experiment conducted the previous cases. Yield 


Phenyldichloroarsine and reaction with oxychlorides the following 


acids propionic, butyric, isobutyric, isovaleric. and the presence aluminum chloride, split off 
arsenic, and result form the corresponding fatty aromatic ketones. 


The formation the ketones from halogen substituted arsines their substituted compounds 


permits ready determination the point arsenic since the latter displaced when 
the ketone group formed. 


LITERATURE 


Scientific Reports Gorky Univ., Wieland and Bettag, Ber., 55, 2246 (1922). 


Submitted the editor April 1947. 
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SYNTHESIS AMINOSULFONES 


Scientific Research Institute Memorial), Moscow 


The American investigators Hinshau and Feldman [2] pointed out recently that 
1940 none the antitubercular remedies tested chemotherapy were effective stopping- 
the development the disease experimentally guinea pigs. 


addition this preparation, few others reached the clinical stage: 
and streptomycin. 


Omitting the antibiotic, streptomycin, since its structure being investigated 
present, the other preparations are derivatives its hetero- 
cyclic analogs. The given compounds: 


have not been promising remedies for curing tuberculosis. For this purpose their toxicity 
proved much too high comparison chemotherapeutical activity. However, some 
the given compounds, including -diaminodiphenylsulfone and its diacetyl derivative, were 
found active against series other infectious diseases. They “‘para- 
remedies, i.e., those effective against secondary infections tuberculosis. 


Extensive research work the synthesis and study various aminosulfones had started 
during the war. and early postwar hindered regular exchange 
scientific was only after considerable delay, therefore, that learned 
about the synthesis these compounds abroad. Since obtained number 


and their intermediate products method different from that reported, are publishing 
this article preliminary communication. 


this purpose, the Medical Soviet the Office the Peoples’ Health Protection ap- 
proved the use 4,4 diacetyldiaminodiphenylsulfone under the name sulfodiamin. 


3 
} 


the same time the fact that such remedies are which act specifically 
against tuberculosis living organisms, stimulated many investigators, Europe and 


abroad, work the chemical end investigation various aminosulfones 


1936 French patent was published which claimed. among other details, 


method for the preparation diethylaminoethylsulfone. The method consisted 


boiling sodium benzolsulfinate solution metallic sodium alcohol 
with the hydrochloride stated that oily product 


formed which crystallizes only after long standing. data and chemical proper- 


ties the obtained substances are given the authors. 


Last year Goldberg published article which described complicated 
method preparing the dihydrochloride (IV): 


result series reactions, which individual intermediate products were 
not isolated, the author prepared oily product, which could not crystallized. 


using hydrogen chloride gas, extremely hygrosccpic dihydrochloride was obtained, 
The analytical data for this compound are Thus, the chlorine con- 
content 1.6% less. and that sulfur more than thecretical. the same year 
Walker published paper which described the syatheses the dihydrochloride 
8-diethylaminoethylsulfone and the sulfate diethylamino- 
propylsul fone. 


Following the method preparation sulfones, described Otte. the conden- 
sation alkaline phenylsulfinic acid with the the corresponding 
amines, the expected results were not obtained. Walker failed isolate the individual 


bases. obtained oily products and converted them salts, giving their analyses and 
constants. 


The present investigation started with the condensation potassium 
was obtained. 


The analytical data for this substance for nitrogen and sulfur showed that the desired 


substance was not obtained (see details below,. Later was found that Goldberg and Besly, 
using the same also obtained product m.p. 


Failing obtain the desired products this attempt was made condense 


potassium nitrophenylmercaptide with the corresponding chlorides. 
sulfides obtained were cxidized sulfones. and subsequent reduction sulfones yielded 
the desired diamines according the scheme: 


result reactions (V), and chemical substances were ob- 
tained; their composition and structure were elucidated from the analyses and the method 
For more complete proof. the identity the substances, was 
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EXPERIMENTAL 


mixture 58.5 diethylaminoethanol with ml. dichloroethane, with stirring 
and maintaining the bath temperature there was added gradually mixture ml. 
phosphorus trichloride with ml. dichloroethane. Upon completion addition, the reaction 
mixture was stirred for hours its boiling point. The excess phosphorous trichloride 
and dichloroethane was distilled off the remainder, solid, bright orange mass, 
was with ml. water and filtered off from the phosphorous compounds. 


— 


The filtrate was made alkaline phenolphthalein using 50% solution The 
liberated chloride, colorless clear liquid, was dried with anhydrous sodium sulfate. Yield 
(80%). 


This preparation was under the same conditions those used for 
ide. For this reaction dimethylaminoethanol and ml. phosphorus trichloride were used. 


Yield (68%). 


Condensation 
with the potassium salt p-acetylaminobenzenesulfinic acid 


4.74 potassium p-acetylaminobenzenesulfinate was heated boiling ml. al- 
cohol. the boiling solution was added 3.0 The solution 
was maintained its boiling point for hours. Upon completion the reaction, the pre- 
cipitate was filtered off and washed with water. was found most the 
organic solvents, with the exception glacial acetic acid. 


After recrystallization from acetic aeid, the crystals melted According 
the analysis for nitrogen and sulfur, contained: 6.83%; 15.3%. The analysis indicates 
that the desired sulfone was not obtained. Goldberg and Besby using the same method ob- 

tained compound m.p. 284°. They ascribed the structure (IX): 


Theoretically the substance contains: 6.6%; 15.1%. 


According these investigators, the reaction proceeds according the following 


scheme: 


6.8 KOH was dissolved 150 alcohol. the solution was added 
phenylmercartan (10% excess}. was prepared the procedure Zincke 
and Lenhardt entire mixture was heated the boiling point the alcohol. 
the boiling solution was gradually added through dropping funnel 13.3 
ethylchloride. adding the chloride, KC} precipitated and the solution became clear. The 
reaction was considered complete when the solution changed from color light 
yellow. The mixture was cooled, potassium chloride filtered off, half the volume alcohol 
distilled off from the filtrate, the remaining amount poured into 300 ml. water. light 


according the literature data were obtained different investi- 


gators either prolonged heating the alcohols with hydrogen chloride, 
means thionylchloride. 


p-acetylaminosulfinic acid was prepared the procedure given Organic Syntheses” Vol I., 
1932. 
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brown was isolated. was extracted with ether. the ether extract dried 


with anhydrous potassium carbonate, and the ether distilled off. Yield 19.0 (68%) 
sulfide red oily liquid. 


The sulfide readily soluble ordinary organic solvents, immiscible with water, 


and cannot distilled With hydrochloric acid gives hydrochloride 
215-217°c. recrystallization from alcohol). 


Found 


12.18: 10.79 
Calculated 


10.67 


The condensation reaction nitrophenylmercaptan with B-diethylaminoethylchloride 
was carried out the manner with B-dimethylaminoethylchloride. the solution 
12.8 mercaptan excess, and alkali alccholate (4.5 KOH and 100 ml. alcohol) 
was gradually added Yield (77%) sulfide. This 
sulfide did not crystallize also and according its otherproperties was similar 
dimethy fice. reaction with hydrochloric acid yielded 


hydrochloride sparingly scluble water, m.p. 172- (after recrystallization from 


Found 11. 


ducted the previous condensations. 


solution 13.8 (10% excess, mercaptan alkali alcoholate (4.59 KOH 
and 100 ml. alcohol, was added 12.2 


Yield 16.4 (75%) sulfide. The sulfide forms highly water-soluble hydrochloride. 
Because this difference from its lower homologs was liberated from the hydrochloric acid 
solution using 10% sodium hydroxide solution. The liberated oily product was extracted 
with ether; after distilling off the ether. liquid product was obtained which analysis 
for showed good agreement: 


Found 11.72 


sulfide was soluble using alcoholic solution hydrogen chloride, the hydro- 


active hydrogen the presence Raney catalyst room temperature and under atmospheric 
3.5 (81.7%) the aminoproduct oily, colorless, using absolute 
ether and alcoholic hydrochloric acid, the dehydrochloride amino sulfide was obtained. After recrystal- 


using active hydrogen under the conditions the earlier experiment. sulfide 
was dissolved alcohol. The reduction yielded 3.3 (94%) oily, colorless 
substance. The product was dissolved ether, and using alcoholic hydrogen chloride 

extremely hygroscopic dihydrochloride was separated. After vacuum-desic- 
cator the dihydrochloride was dissolved absolute alcohol; the solution was filtered, and 
the hydrochloride liberated using absolute ether. crystalline substance, m.p. 186 
188°C, was obtained. This, upon crystallization from absolute ether, yielded crystals 
m.p. 188-190°C. 


23.97 


Found 
23.90 


9.57 


The reduction diethylaminopropylsulfide was carried out using 
hydrogen the presence Raney nickel catalyst under conditions given previously. 
From the nitroproduct, there was obtained oily, colorless substance. 
After similar that conducted the earlier experiment, there was obtained 


Found 8.86; 22.97 


165 ml. glacial acetic acid. the solution, heated with stirring, was gradually 
added through dropping funnel ml. 28% hydrogen peroxide. Upon completion addition 
hydrogen peroxide, the solution was heated for another hours temperature 
Then the solution was made alkaline phenolphthalein using 10% solution sodium hydrox- 
ide. p-Nitropheny! dimethylaminoethylsulfone was separated yellow crystalline precip 


itate. was filtered Buchner funnel using suction, and washed with water. Weight 
precipitate. (75%). 


For purification, the product was recrystallized from alcohol ether. The pure pro- 
Found 12.22: 10.60 


Dissolving this ether and with alcoholic hydrogen chlor- 
ide produced hydrochloride m.p. 199-201°C. 
Found 11.01: 9.4 


The preparation p-nitrophenyl fone was carried out under the 
same conditions the preparation For the 


reaction were taken the hydrochloride p-nitropheny1-8 diethylaminoethylsulfide. 
145 ml. glacial acetic acid and ml. 28% hydrogen peroxide. 


crystallized from ether alcohol. Pure product 


Yield golden-yellow crystals. For purification the substance was re-- 


Found 11.38: 9.88 


Dissolving ether and with alcoholic solution hydrogen chloride yields 


| 
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the 


was dissolved 100 ml. glacial 
acetic acid. selution, heated 70°C was added ml. 28% hydrogen peroxide. Upon 
time reaction neutralization, nitrosulfone was obtained oily yellow 
crystals. This was extracted with ether: the ether extract was dried. and the 
ether distilled off. The residual mass crystallized cooling yellow crystals. 
The substance readily soluble ordinary organic solvents. After recrys- 
tallization from ligroin agueous alcohol (2:1) melts 

Found 52.16: 6.57; 9.60. 


Found 9.51: 8.64. 


ml. water 70°C. this temperature 4.3 reduced iron was added the solution. 
Then gradually. with efficient stirring, dimethylamincethylsul fone 
was added. adding the entire nitro compound the reaction mixture was stirred for 
another hours then cooled, and the slimy mixture filtered off. 


acetome extraction this slimy mixture yielded 0.3 (17%; crystalline sub- 
stance, ether extraction the aquecus filtrate yielded 0.7 (41%) 
another substance. m.p. 137 The substance 137-138°C represents 
the desired sulfwne. soluble all ordinary organic solvents and water. The sul- 
fone contains amino reaction). 

The substance 169-171°C was also analyzed for carbon. hydrogen, 
gen and 

Found 50.83; 5.29; 11.03; 16.88. 
Its structure has not yet been determined. 


with hydregen the presence nickel Raney catalyst. For this reduc- 
taken. was carried out room temperature and atmospheric pressure. Yield 
0.85 After recrystallization from the substance melted 137-138°C and 
gave depression with the substance separated from the aqueous filtrate 
the reduction iron. 


with neutral medium. The reaction was carried out under the 


0.8 and mi. water. The reaction was carried out for hours. 
result this the slimy product yielded substance m.p. insoluble 
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water. Yield 0.7 (347) This gives when meited with the sub- 
stance isolated from the slimy product the reduction ~dimethy 
ethylsulfone (see above). 


From the aqueous filtrate, ether extraction, there was liberated another substance 
representing, shown elemental analysis, the desired aminosulfone 
from alcohol). soluble room temperature acetone and ben- 
zene sparingly soluble ether and water; insoluble petroleum ether. 


with hydrogen the presence Raney nickel catalyst. reducticn, 
catalyst added. The was carried out room temperature and atmospheric pressure. 
Produced crystalline substance. Yield 0.8 (90%); m.p. 98-100°C. mixed sample 
with that separated from the aqueous filtrate, the reduction with iron, 


15. 


Reduction with iron neutral The reaction was carried out under the 
same conditions given above. The reaction time, however, was extended hours. 


chloride and 200 ml. water. 
Upon completion the reaction neither reduction product nor the initial inter- 


mediate was found the sliay residue. The aqueous filtrate gave upon extraction with 
ether crystalline substance. The substance readily soluble ordinary 
organic solvents, with the exception petroleum ether. For purification was dissolved 
ether and then precipitated with petroleum ether. The desired diamine 
was obtained. 


Reduction with hydrogen the presence Raney nickel catalyst. For reduction, 
catalyst added. The reduction was carried out atmospheric pressure and room tempera- 
ture. 


The product obtained result reduction was dissolved ether and precipitated 
with petroleum ether. substance was obtained m.p. 78-79°C amount 0.8 
This substance gives depression when melted with mixed sample with the substance 
ebtained the reduction with 


CONCLUSIONS 
Twelve individuai preducts the series p-aminophenyldialkylaminoalky lsulfones 
have been synthesized and characterized. 


The used for the synthesis were obtained treating 
the corresponding alcohols with phosphorus 


The reduction the and was carried out the 
method catalytic reduction the presence Raney nickel catalyst. 
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LUPININE 


Sadykov 
The the Plants the Middle Asian State University 


earlier papers new methods separating lupinine from were re- 
ported. 


The present article discusses the synthesis the derivatives lupinine. 


Some the derivatives lupinine were obtained Katsnel son and Kabachnik who syn- 
thesized the ester p-aminobenzoic acid and lupinine, named them lupicain. These authors ob- 
tained series derivatives lupinyl-barbituric acid. The pharmacological study lupicain 
showed that anesthetic. Recently Panashchenko pharmacological investi- 
gation lupinine comparison with lupicain. concluded that lupinine differed from lupicain 

that the former displays local anesthetic action. 


and Benevolenskaya synthesized various lupinine analogs plasmochin, atebrin, 
and These substances were found exhibit low toxicity, and were 
fairly active against malarial plasmodia. 


have also synthesized lupicain using another method: starting with sodium lupinate and the 


addition, series lupinine with radicals fatty and aromatic groups have 
been obtained. synthesize ethers with fatty radicals, started with equimolar amounts sodius 
lupinate and alkyl halides solution the respective alcohols. 


The reaction was carried out with boiling for 3-5 hours; efter distilling off the solvent the 
product was purified recrystallization. The equation for the reaction may represented follows: 


For the first four radicals (CHs, the ethers obtained crystallize from 
acetone colorless crystals, yielding salts; these are readily soluble water and ordinary 


organic solvents, and remain unchanged long storing. qualitative test for the presence halogen 
the preparations negative. 


The ethers aromatic series, and also the ether diethylaminoethanol, were synthesized from 
chlorolupinan and the corresponding hydroxyl-containing compounds according the following equation: 


Equimolar amounts the initial products were heated the presence potassium hydroxide 
temperature 130-140°C for 3-4 hours oil bath sealed tube. The following were 
phenyl, cresyl (o-and p-), naphthyl ethers lupinine and the ether diethylamino- 
All with the exception the phenyl and diethylaminoethanol, are 
substances whicn give well defined crystalline picrates and They are 


140 


point 
Analysis 
No. 


lupinine 


Found 7.60, 7.68. 


mg. subst.: 0.175 (25°, 721 


mg. 0.421 ml. (25°, 720 am) 


Found 


4é 
42880 mg. 0.255 719 


6.459 mg. 0.324 (129, 718 


lupinine (%) 


5.800 mg. subst.: 0.256 ml. No. (20°, 722 ma.) 


ethanol 
ether 


lupinine 


(pera) 


ordinary organic solvents sparingly soluble cold water; stable storing. The phenyl 
and diethylaminoethanol ethers are oily liquids. The compounds and the analytical results 
are given the table: 


EXPERIMENTAL 


Butyllupinine 


19.1 sodium lupinate was ml. n-butyl alcohol. The suspension was 
heated 145°C oil bath, and butyl bromide added. The reaction mixture was then heated 
for hours 145°-155°C and filtered while hot. Butyl was distilled off from the solution 
Residue thick liquid, which prolonged standing formed crystals. Recrystallization 
from acetone gave colorless long yellow-tinted needles, m.p. 60-61°C. Yield 11.2 (50%). 


The other ethers were synthesized similar manner. 


Chlorolupinan 


Chlorolupinan was synthesized the method Bertholomens and Schaumann lupin- 
ine base was dissolved 200 ml. dry benzene, and this solution, with stirring, was 
gradually added thionyl chloride. order control the reaction, the reaction mixture was 
cooled with cold water. After adding the total amount thionyl chloride the was heated 
water bath temperature 50-60°C for hours. After distilling off the benzene the residue 
was cooled and diluted with small amount water, made alkaline with solution sodium hy- 

droxine and extracted times with ether; the ether solution was dried over sodium sulfate, and the 
ether was distilled off. The residue was subjected vacuum distillation; chlorolupinan distilled 
over 127°C (12 slightly yellow Yield (90.2%). 


The picrate, obtained wixing the alcoholic solutions the base and picric acid and puri- 


Found 13.31; 13.40 


mixture 9.4 chlorolupinan, 4.7 phenol and potassium hydroxide was placed ina 
sealed tube and heated for hours After cooling. the contents the tube were dis- 
solved ml. water and extracted with ethér. The ether solution was dried and distilled af. The 


residue thick oil was vacuum distilled. The main fraction distilled over 190-193°C (15 mm) 


Mixing the alcoholic solutions the end picric acid yielded the picrate once. The 
precipitate was recrystallized from methyl shiny crystals formed, m.p. 


The other ethers the aromatic series were obtained similar manner. 


IONS 


Lupinine ethers with the radicals: methyl, ethyl, propyl and butyl have been synthesized 
using sodium lupinate and alkyl halides. 


ethers with radicals: phenyl, and p-cresyl, and diethylaminoethyl 
have been synthesized starting with chlorolupinan and the corresponding aromatic hydroxyl-containing 
compounds and substituted alcohols. 


All ethers, with the exception and diethylaminoethanol, are crystalline 


They have been characterized fermation their picrates and iodomethylates, and 
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ALKALOIDS THE PAPAVERACEAE FAMILY. STRUCTURE ISOTHEBAINE 


Alkaloid Section the Institute Pharmacology, Toxicology, and Chemotherapy 


one the earlier papers the isolation from wild type poppy Papa- 
bracteatum, was reported. The present paper covers the results the investigation the struc- 
ture isothebaine. 


. 


Isothebaine was first discovered Gadamer and Klee Papaver These investi- 
gators suggested formula not based upon strict proof. result Hofmann degradation 
isothebaine, they obtained after repeated splitting resinous neutral substance, which was not fur- 
ther characterized. Oxidation the latter gave carboxylic acid which was decarboxylated 
and yielded neutral substance, identified its picrate, m.p. 160%. 


Gadamer and Klee suggested the obtained substance was identical with the picrate 3,4,5- 
trimethoxyphenanthrene, m.p. The difference melting points is, according the investi- 
gators, due impurities present the product prepared from isothebaine. 


Since considered the conclusions Gadamer and Klee substantiated, in- 
vestigation was made the structure isothebaine, starting with degradation, for the fol- 

lowing two reasons: first, this would confirm the identity isothebaine with the substance isolated 
this and second, direct comparison could made the final product degradation 

(VII) with 3,4,5-trimethoxyphenanthrene (IX). 


carrying out degradation the data given Klee were mace more accurate and complete. 
has been that methylation isothebaine gives good results the method Pshorr. and 
used. was also found that (II) isothebaine can readily con- 
verted iodomethylate adding potassium solution its aqueous solution. Methylation 
iodowethylate isothebaine with dimethylsulfate alkaline medium, depending the ratio the 
amounts teken and alkali. yields late. 


out the first stage the Hofmann degradation under conditions Pshorr and Karo, 
trimethylamine split off. The substance containing nitrogen obtained insignificant 
yield, was characterized its picrate. The reaction proceeds similar way with the use pure 
crystal line isothebaine. the degradation carried out using 
methylate, split off, but mixture two desbases obtained. 


Optically inactive (III) was isolated picrate, which 
appeared orange red needles sparingly soluble alcohol. The picrate the optically active 
desbase separates yellow needles readily soluble alcohol. The different colors the picrates 
greatly the separation the isomers. 


interest that this reaction with isothebaine results one optically 
active substance characterized its picrate, crystalline substance red color. 
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The second stage Hofmann degradation was conducted both with mixture two desbases, and 
with each them separately. all cases there was separation large amount trimethyl- 


amine and the same substance containing nitrogen (V); the latter was characterized its pic- 
rate violet needles. 


The oxidation the substance containing yields carboxylic acid (VI), which was 
the presence copper-chromium catalyst The product decarboxylation, 

(VII), was characterized its picrate, which after numerous recrystallizations from methanol 
and ethyl alcohol melted and consisted dark red 


comparison the data obtained the with those given Klee shows 
identity the two (see table). This offers definite proof that the alkaloid obtained from 
Papaver bracteatum identical with isothebaine 


Name data Data Klee 


Des- -N-methy l-o- methy Lisothebaine. . 105° 104 105° 


Phenanthrene carboxylic acid eee eae eae eee 173° 170 -171° 


direct comparison the picrate the decarboxylation product with the picrate the 
3,4,5-trimethoxyphenanthrene was found that both substances are identical. Therefore, the struc- 
tural formula isothebaine different from that proposed Gadamer and Klee. Because this, 
sought confirmation the existence phenanthrene ring isothebaine. such cases the oxi- 
dation method Wernat general acceptance. the oxidation the substance containing 
nitrogen obtained Hofmann degradation mellofanic acid (VIII) was isolated, 
which was converted tetramethyl ether. 


mellofanic acid from final proof the presence phenanthrene 
nucleus this alkaloid. the other hand, the results acetylation and Hofmann degradation in- 
dicate the presence tetrahydroisoquinoline. ring. This had already been pointed out 
and Klee Therefore, the view that isothebaine belongs the aporphine series has been con- 
firmed and the reactions mentioned above may expressed the following reactions. 


CH.,0 


| : 
CH, OS0,0CH3 
CH; 
COOH 


- 


PERIMENTAL 


was suspended 100 ml. water. After addition ml. 30% sodium hy- 
droxide the heavy fine crystalline precipitate became amorphous and voluminous. Dimethylsulfate 
was then added 2-3 ml. portions. The solution became hot and the precipitate went into solution. 
After adding ml. dimethylsulfate clear yellow solution was obtained. cooling, the mathosul- 
fatemethylate ether crystallized fine needles. The precipitate was washed with 
absolute alcohol; weight 13,8 g., m.p. after one m.p. 236-238%. The m.p. 
remained unchanged repeatedcrystallizations readily soluble water 
and salted out from aqueous solutions with alkali; more sparingly soluble alcohol than 
water, and insoluble ether. The product shows colored reaction with ferric chloride. 
adding aqueous permanganate aqueous white precipitate separates. 


obtained, also, the methylationof isothebaine iodomethylate when 
dimethylsulfate taken excess and the amount alkali close the theoretical. 


21.210 mg. substance: 10.80 ml. 0.1N. 
Found OCH, 26.32.. 


0.5 isothebaine iodomethylate was dissolved 9.3 ml.- 10% NaOH and ml. water. the 
solution was added 0,5 dimethylsulfate, and the mixture was heated for one hour water bath. 
The hot solution was filtered. Upon cooling, precipitate formed. The precipitate was soluble 
excess boiling alcohol. The hot solution was filtered. After evaporating ml. volume, 
crystallized needles which formed rosettes; weight: 0.06 g., melts (with de- 
composition) 254°C, after first turning black. After recrystallization from ethyl alcohol, 
(with decomposition). can obtained more simply adding aqueous potassium 
aqueous After mixing both solutions, 
precipitates white powder: from diluted solutions crystallizes fine white 
isothebaine iodomethylate late the m.p. depres- 
sion. gives colored reaction with ferric chloride. When aqueous made alkaline 
and aqueous permanganate added, green color develops; neutral solution, the color red. 

23.900 mg. substance: 3.64 ml. 0.1N. 


Found 18.99, 18.70 


isothebaine was mixed with ml. 26.5% sodium hydroxide. stirring the 
isothebaine crystals disappeared giving rise voluminous precipitate. the mixture 
was added three steps 15.6 ml. dimethylsulfate The solution became hot, with part the di- 
methylsulfate remaining undissolved. ml. sodium hydroxide the same concentration was added 
and the solution was heated water bath until further saponification dimethylsulfate occurred. 
The reaction was continued without heating, and dimethylsulfate was dissolved The sotution 
was diluted with 160 ml. water, and 135 ml. sodium hydroxide was added. yellow oil was 
collected the surface the solution. separation trimethylamine was observed. Upon cooling, 
the solution was extracted with ether and all the oil was taken into solution. The ether ex- 
tract was washed several times with sulfuric acid and with water neutral reaction and dried 
over ignited sodium sulfate. After distilling off ether, 0.1 resin was obtained: this was 
soluble alcohol. The methylalcohol solution was filtered off, and adding alcoholic 
solution acid, precipitate was formed (fine, dark violet needles, 129%). This gave 


‘ 
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depression the point mixture with the picrate the substance containing 


nitrogen which was obtained the second stage the Hofmann degradation (see below). The acidic 
solution the mixture des-bases was made alkaline adding 25% ammonia. white precipitate: 
was formed which was extracted with ether. The ether extract was dried over sodium sulfate, and 

the ether was distilled off. After removing the ether, 5.1 mixture des-bases was 
-The considering the substance containing nitrogen, 95. 


Then the mixture des-bases was dissolved alcohol and excess picric acid added 
the solution. mixture yellow and orange crystals formed. 


Optically active des-N-methyl-o-methylisothebaine (III) was separated readily white 
crystalline powder, when. the mixture was treated with methyl alcohol. After one re- 
from methanol, the m.p. was and remained unchanged after repeated recrystal- 
lization. This substance was readily soluble ether, more sparingly methanol (approximately 
1:2 boiled methanol). insoluble water, and discolored readily with potassium permanganate. 
slightly acidic solution gave colored reaction with ferric chloride. The solution the 
base gave alkaline reaction with litmus. 


2.939 mg. substance: 7.994 mg. 1.965 mg. H20. 

3.523 mg. substance: 9.585 mg. mg. 

3.910 mg. substance: 0.161 724.5 mm) 

3.640 mg. 0.148 724.5 mm) 

9.550 mg. substance: 25.17 ml. 0.02 

27.25, 27.11. 

The picrate was obtained mixing the alcoholic solution des-base and picric acid; dis- 
solved heating. cooling the crystallized fine yellow needles m.p. 


other experiments using the Hofmann degredation, the were obtained: Pure 
crystalline (4.6 g.) aqueous alkaline solution (60 ml. and ml. 30% 
sodium hydroxide) gave 3.3 mixture des-bases, substance: ml. ether; 


The content, optically active des-base was The liberation tri- 
started during the reaction. 


water and alcohol (30 ml. water, ml. 30% sodium hydroxide and ml. alcohol) gave 1.4 mixture 
optically active des-base 54.9%. cases decomposition with iodomethylate separation tri- 
methylamine was noticed. Yields mixture des-bases are theoretical. 


Seperation des-bases. When 4.39 the mixture was treated with methanol, 
there was partial separation the optically active des-base. The residue the mother liquor 
weighed 2.4 was dissolved excess methyl alcohol, and the solution alcoholic 
solution picric acid was slowly added. First orange colored picrate precipitated; this was fil- 
tered under suction soon this light-colored appeared. The orange picrate weighed 
2.46 g.. After further addition picric acid the mother liquor, 1.23 yellow 
powder formed: this substance was found the picrate the optically active des-base. 


picrate the optically inactive The orange precip- 
itate, weighing 2.46 g., m.p. was treated with 125 ml. boiling part the sub- 
stance was soluble, the insoluble residue weighed 1.8 g., m.p. 201-202%. this substance was 
recrystallized from mixture ml. absolute alcohol and 100 ml. ethyl acetate. 0.2 

fine orange-red needles, m.p. The color this picrate that the picrate des-N- 
The mixture both picrates gave depression the melting point. The picrate 
the optically inactive des-base sparingly soluble methanol, ethyl alcohol, and ethyl acetate. 


mg. substance: 0.345 742 mm). 

3.865 mg. substance. 0.341 742 mm). 


Methosulfatemethylate optically inactive 0,17 base, obtained 


the decomposition picrate (m.p. was dissolved 30-40 ml. ether. the solution was 

added large excess dimethylsulfate (3ml.). The entire mixture became turbid very rapidly, and 
longer remained alkaline. When allowed settle for long time hours) white precipitate 
was collected the bottom and the mother liquor became clear. After decantation, the residue was 


worked with ether and treated with ml. methyl alcohol. white crystalline substance, m.p. 196- 
precipitated. After recrystallization from methyl alcohol, wea obtained 
fine white needles the same melting point. For the treatment mother liquor, see below. 


Preparation the substance containing nitrogen (V). solution 5.1 mixture 

des-bases ether was added two steps ml. dimethylsulfate. white turbidity appeared 

which settled standing for hours. This was converted resin. including separate crystals. 

The ethereal mother liquor was decanted. and the residue washed with ether. After being allowed 

stand, another 0.9 material precipitated from the ether. Total amount the mixture 

fatemethylates the mixture was dissolved ml. methyl alcohol. the solution was 

added 18.9 potassium hydroxide and the mixture was boiled for hours. precipitated 
large amount: white precipitate was gradually formed. Methyl alcohol was distilled off, the 

residue was 150 ml. water insignificant amount remaining undissolved. The mixture 

was extracted with ether until drop the ether extract, *hen with amount alco- 

holic solution picric acid, gave. additional violet precipitate. The ether extract was washed 

with sulfuric acid complete extraction the bases, and then with water and dried over 

potassium carbonate. The residue after removal ether weighed 4.05 g., 79.9% theoretical, based 

the mixture desbases. 76.8% isothebaine. The acidic wash waters were extracted 

naving been alkaline wita ammonia. The ether was distilled off. Weight residue 


0.07 g.. when treated with methanol turns powder giving depression the 


melting point mixture with optically active des-base. 


The substance containing nitrogen readily ether. more sparingly acetone, 
methyl and ethyl and insoluble water. When stored forms white powdery substance, 
sparingly soluble and ethyl alcohols and more readily soluble ether. This substance 
darkens and softens also obtained degradation des-bases. Attempts 

obtain the substance containing nitrogen crystalline state failed. 


Picrate the substance containing nitrogen. Mixing the alcoholic solutions the sub- 
stance containing nitrogen and picric acid gave picrate violet needles m.p. 
13.55 mg. substance 23.16 ml. 


25.90 mg. substance. ml. 
Found 17.67, 17.59. 


Preparation substance containing nitrogen (V) from optically active des-base 
0.35 des-base was dissolved excess dimethylsulfate was added the solu- 
tion. standing, the solution did not remain alkaline. the solution was added ml. methyl 
aicohol. and gradually excess ground sodium hydroxide. The mixture was boiled for hours. and 
the solvents distilled off vacuo. The residue was treated with water. and the mixture ex- 
tracted with ether. The ether contained bases, and after washing with water and drying over 
Sulfate. was distilled off. The obtained resin was dissolved methyl alcohol and filtered off from 
the insoluble white powder. the the substance containing nitrogen alcoholic solu- 
picric acid was added, dark violet picrate was formed which gave depression 
the melting point with the picrate the substance containing nitrogen, described earlier. 


Preparation the substance containing nitrogen from the optically inactive desbase (IV). 


The residue from the mother liquors after separation the optically 
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0.5 sodium hydroxide, and the mixture was boiled for The methyl alcohol was distiiled 
off the residue treated with ml. water, and the alkaline solution extracted with ether. 
treatment was the same the earlier experiments. picrate gave 
depression mixture with the picrate the previous experiment mixture 130%). 


weighing 0.1 the solution was powdered permanganate stable pink coloration. 
The addition permanganate was continued for hours temperature Amount perman- 
ganate used: 9.45 Several milliliters methyl alcohol was added discolor the solution. Man- 
ganese dioxide was filtered off under suction and washed with hot water until the wash water gave 
precipitate acidification. The wash waters were made alkaline, the residue 
and the mixture washed with ether. The*tther solution was dried over sodium sulfate. After distil- 
ling off the ether there was obtained 0.17 yellow neutral alkaline solution was 
acidified with hydrochloric acid and extracted with ether. The ether extract was dried over sodium 
sulfate. After off the ether there obtained 3.4 brown resin including clusters 
crystals. Treating this with alcohol gave yellow crystalline substance, weighing 1.92 g., m.p. 
Another 0.12 substance lower m.p. was obtained from the mother liquor. After 
recrystallization from alcohol the presence carbon black, trimethoxyphenanthrene carboxylic 
acid, m.p. was obtained. further crystallizations the melting point remained unchanged. 
Trimethoxyphenanthrenecarboxylic acid was readily soluble ether and chloroform, and sparingly 
soluble water, methanol, and ethyl alcohol. solutions were acidic litms, and slightly 


congo red. 


2.844 substance: 
3.550 mg. substance: 
15.375 mg. substance: 


8.085 mg. substance: 


mg. 1.590 mg. 
0.1 


-52 ml. 0.1 
69.41, 69.53 28.65, 28.90. 


Found 


The picrate trimethoxyphenanthrenecarboxylic acid was obtained adding the alcoholic 
solution the acid alcoholic solution picric acid. m.p. picrate 153%; after recrystalliza- 
tion from alcohol, 154%. The picrate trimethoxyphenanthrenecarboxylic acid appeared red 
readily soluble methanol, ethyl alcohol, acetone, benzene, petroleum ether, and ethyl 
acetate. 


Trimethoxyphenanthrene (VII). 1.45 trimethoxyphenanthrenecarboxylic acid was dissolved 
ml. quinoline. and 4.5 copper-chromium catalyst added the solution. The evolution 
carbon dioxide stopped the completion boiling. Upon cooling the mixture was diluted with ether 
and filtered under suction. The ether extract was washed with acid, 10% sodium hydroxide solution, 
water, and dried over potassium carbonate. After distilling off ether, 1.04 dark resin was 
obtained, almost completely soluble 20-25 ml. alcohol. The admixture remained undissolved even 
when the solution was boiled. After filtration, alcoholic solution picric acid was added the 
solution. With the addition picric acid, the trimethoxyphenanthrene picrate precipitated, weight 
1.39 after two recrystallizations from alcohol, m.p. 0.88 sub- 
Stance was suspended 5-10 ml. water. the mixture made alkaline with ammonia and extracted with 
ether. The ether extract was washed with alkali. The washing was stopped when color developed 
addition alkali. After washing with water neutral reaction. the ether extract was dried 
ignited sodium sulfate. and the ether was distilled resinous substance was obtained. Attempts 
crystalline substance failed. Trimethoxyphenanthrene readily soluble ether, sparingly 
methyl and ethyl alcohols. 


Trimethoxyphenanthrene picrate. the alcoholic solution trimethoxyphenanthrene was 
excess alcoholic solution picric acid. crystaliine picrate. dark red needles, was formed, 


158-159%; after recrystallizations from methyl the m.p. remeined 


The solubility the picrate ethyl alcohol about 15; methyl alcohol, about 1.35. The 


*(after evaporation acetone mother liquor) 
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picrate decomposed water, forming yellow solution and amorphous precipitate. 


The picrate was compared with the picrate 3,4.5-trimethoxyphenanthrene, from 
morphenol and having m.p. softening 160-161%. The mixture both picrates 
melted 

15.70 mg. substance: 5.55 ml. 
14.18 mg. substance: 4.94 ml. 


Found 18.28. 18.01 


acid (VIII) 2.88 g.of the substance containing nitrogen was treated with 
nitric acid 1.37). nitric acid was such treatment was repeated times 
more; then the residue was heating nitric acid. standing 
yellow crystalline substance m.p. precipitated. Mellofanic acid, obtained under the 
same conditions from thebenin, had 233 234%. both substances melted 232- 


233°C. acid was methylated using diazomethane. Its ester, The ester 
mellofanic acid, obtained from-thebenin, melted The both substances melted 
the same temperature. 


Hofmann degradation isothebaine. 


Des-N-Methylisothebaine(X). mixture powdered sodium hydroxide and ml. methyl 
alcohol was added iodomethylate. The mixture was boiled for hours. Upon completion 
boiling, all the precipitate was solution. The methyl alcohol solution was concentrated, the 
residue was dissolved ml. water, and the alkaline solution was extracted with ether. ether 
extract was washed with water and dried over ignited sodium sulfate. After distilling off the ether, 
1.2 brown resin remained: this resin was readily soluble alcohol and acetone. Sparingly 
soluble and insoluble petroleum ether (B.p. 28-30°C) and water. Des-base optically 


The picrate desbase. the alcoholic solution 0.1 des-base was added excess 
alcoholic solution picric acid. brown-red precipitate 0.2 g., m.p. 198°C, was formed. The pic- 
rate was recrystallized from dry acetone. Upon cooling the solution, together with the red picrate 
crystals, amorphous. clear precipitate was found which was removed with the mother liquor 
ation. The picrate was treated with 2-3 absolute alcohol and filtered under suction. Weight 
picrate 0,05 m.p. 206-207% with softening for 


des-base. 1.1 des-base was dissolved ml. acetone, and 0.8 ml. 
methyl iodide added the solution. resin separated once which was dissolved after adding ml. 
acetone. another 0.2 iodide was added. The solution was boiled for hours and concentrated 
volume 10-12 ml.. After cooling. precipitate formed, weighing from 
alcohol yielded crystalline iodomethylate. Crystals yellow. fine needles, softening 140- 
145% and flowing freely Iodomethy late unstable; darkens drying and has 


strong odor trimethylamine. 
Substance containing nitrogen (XI) 


carrying out the second stage the Hofmann degradation trimethylamine split off, 0.4 


resin was separated. The latter was partially soluble 10% sodium hydroxide. purify 
resin failed. 


carrying out the Kofmann degradation, additional data have Principally 
following were found: 


the methylation ofisothebaine using dimethyl sulfate takes place under the conditions 
Pshorr and Karo: 


the first stage the Hofmann degradation takes place abnormally, with splitting 
off 


des-bases have been separated: 
the substance containing nitrogen has been characterized. 


: = 
4 


has been shown that the previously reported distribution substituents isothebaine 
erroneous. 
The presence phenanthrene nucleus isothebaine has been confirmed the preparation 
mellofanic acid. 


VIII, Journ. Gen. Chem., 18, 142 (1948).— Gadamer. Klee, Arch. 
252, 211 (1914. Gadaner. Ang. Ch.. 2¢, 625 Vongerichten, Dittmer, 
Ber., 39, 1718 (1906). Pschorr, Ber., 3126 Adkins, Am. Soc., 
53, 1091 (1931). Warnat, Ber.. 58, 2768 (1925). 
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INVESTIGATIONS FORMIC ACID SYSTEMS 


Physical Chemistry Middle Asian State University 


addition study the density, viscosity and electrical conductivity 
the systems formic acid nitrobenzene, acid acetic acid. formic acid formic 


ethyl ester and formic acid ethyl ether study has been made these systems 
the method molecular weight. 


Benzene m.p. was used cryoscopic solvent. The determination the 
molecular weight was carried out Beckmann’s apparatus 


System formic acid nitrobenzene. The results the experimental determination 
the molecular weight the formic acid system are given Table From 
the data given Table the values the molecular weight the dissolved substances, 
corresponding 0.0. 0.5, 1.0 and 1.5 g-mol. per 1000 benzene can determined graph- 
ically. These values were used for plotting molecular weight composition diagram 
acid linear, and then becomes convex approaching the composition axis. The isoconceatrate 


almost linear, and the isoconcentrates III and linear mol. acid, then 
concave approaching the composition axis. 


System formic acid acetic acid. The results measurements the molecular weight 
the formic acid-acetic acid system are given Table The molecular weight 


this system, plotted the basis the molecular weight values determined graphically 
given Fig. All isoconcentrates Fig. are linear. 


System formic acid formic ethyl ester given Table 
diagram this system given Fig. 
shifted towards formic acid. 


The molecular weight 
All isoconcentrates pass through 


System formic acid ethyl ether. table are given the results measurements 
weight formic acid ethyl ether system. the basis the molecular weight 
values graphically diagram was plotted shown Fig. where all the 
centrates pass through maximum. shifting towards formic acid. the preparation tae 
formic ethyl ether mixture positive thermal effect was observed. 


DISCUSSION RESULTS 


the formic acid 


nitrobenzene system the isoconcentrates the molecular weight 
diagram 


exhibit complex trend; here curve can observed. convex approaching the 
composition axis. linear for the isoconcentrate, and, finally, concave approaching the abscissa. 
the high concentration nitrobenzene region, the curves straighten out. 
the data viscosity and electrical was pointed out that there was 
reaction between the molecules formic acid and nitrobenzene. The chemical behavior 
the system and the dissociation the associated components judged from the molecular 
weight diagram. When nitrobenzene added formic acid, then, depending upon the amount 
the mixture benzene the interaction the components and the dissociation associated 
molecules exert varying influences. strong dilutions the molecules are associated less, 
therefore the reaction between the components exerts greater influence, and the 
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substance 
1000 benzene 
0.00 
0.2847 
0.5759 
6500 
8659 


10.24 
4400 
0.5998 
7613 


17.91 0.1414 
0.3817 
8737 
1.1010 


26.91 
0.3023 
0.4550 


1684 
0.3580 
0.6991 
0.8577 


52.29 0.1649 
9.3280 
1.0786 


550 
1,151 
1.735 
2.680 


0.719 
1.358 
1.982 
2.643 
3.274 
44242 
1.670 
2.674 
3.591 
4.387 


0.634 
1.301 
2.530 
3.320 


0.730 
2.138 
2.707 
3.237 


1.224 
2.011 
2.681 


Fig. 


121.2 
126,2 
128.2 
129.9 
129.9 
133.3 


119.9 
124.6 
126.9 
128.3 
130.2 
132.5 


118.8 
123.9 
126.5 
128.7 
131.0 


116.7 
119.3 
121.9 
122.2 
125.7 


110.9 
117.2 
118.7 
120.2 
122.3 


108.4 
111.4 
114.9 
116.9 
120.7 
121.9 


Pormic acid nitrobenzeng 


68.93 


84.33 


89,32 


100.0 


Number moles 
substance 
1000 benzene 


0.1491 
0.3791 
6540 
0.9024 
1.1414 
1.4751 


1392 
4455 
1.528 


0.2120 
6881 
1.1078 


0.2317 
0.5003 
8263 
1.2706 


0.2768 
9062 
1.2273 
1.5694 


0.1020 
0.2758 
6969 
0.9581 
1.4112 


0.518 
249 
2.059 
2.739 
3.340 
4.155 


445 
1.340 
2.188 
3.323 
3.944 


0.627 


1.232 
1.88 
2.770 


0.648 
1.319 
3.025 
3.894 


2.149 
2.740 
3.197 


0.279 
0.710 
1.055 
1.592 
2.074 
2.784 


110.2 
113.1 
116.2 
119.1 


99.3 
106.9 
113.0 
116.3 


99.6 
104.1 
106.8 
113.9 


98.3 
103.2 
106.1 
111.2 
119.5 


95.8 
16.3 
106.1 
111.6 
121.5 


85.6 
91.7 
95.4 
100.6 
195.4 
114.4 


Fig. 


Teble 


Forsic acid acetic acid 


oles Number moles 

0.2583 0.2326 0.594 

0.4977 

0.9720 1.488 

1.6320 2.020 

0.1298 1.1587 2.536 


0.2028 
0.1988 
0.7853 
1.0139 


0813 0.1204 0.319 
0.2712 3173 0.793 
0.5463 0.5339 1.273 
0.7237 1.772 
0.9037 1.2110 2.575 
1.0976 1.3615 2.831 


0.0718 1205 0.316 
0.2165 0.3739 0.918 
4383 1.461 
8594 1.1696 2.494 
1.0710 1.4115 2.894 


0.0748 0.279 
0.3445 
9886 6969 1.592 


are approaching the composition axis. The linear course isoconcentrates may due 
the mutually compensating effect the dissociation the associated molecules the 
components that their interaction. 


Thus, the complex character the isoconcentrates molecular weight full 
accord with the isotherms viscosity and electrical conductivity This believed 
due the chemical interaction the components. 


the formic acid acetic acid system the isoconcentrates are linear (Fig. 2). 
The components this system are associated; when mixed, dissociation associated mole- 
well chemical interaction, takes place. The process dissociation associa- 
ted molecules results decrease the apparent molecular weight, and chemical inter- 
action results increase. The superposition these two effects acting opposite 
direction apparently the cause for the additive summation the apparent molecular 
weight The existence reaction between the molecules formic and acetic acids 
confirmed the data viscosity whereas, the diagram electrical conductivity, 
being concave the composition axis, exhibits along its whole 
without any refiection the interaction. 


95.8 
102.6 
106.4 
109.6 
95.9 
99.8 
108.5 
113.2 
27.32 95.2 
100.2 
104.3 
109.1 
114.5 
117.1 
37.16 93.7 
99.1 
103.9 
106.5 
111.4 
115.0 
91.7 
95.4 
100.6 
105.4 
114.4 


Table 


Formic acid formic ethyl ester 


1000 benzene 1000 benzene 


1595 0.3512 1.127 
0.2495 0.5705 1.740 
0.3591 8351 2.457 
1.1690 3.258 


0.5008 0.496 
0888 0.3766 061 
0.2386 6005 1.628 
0.5935 8128 2.123 


0.1157 0.1518 0.429 
0.2564 0.4434 1.136 
4508 7318 1.757 
2.288 
0.9692 2.855 


0.1157 0.1736 462 
0.2406 0.4857 
0.3858 0.7508 
0.5170 9625 2.127 
7602 4066 2.797 


1020 0.279 

2960 0.4339 

6969 1.592 

6588 0.9581 2.074 
0.8637 1.4112 2.784 


pass through maximum, shifting toward formic acid. 
This type shape systems with associated components indicates 
Siderable interaction between the The shifting the maximum 
weight curves result the interaction formic acid. The 


the compounds which are formed becomes mcre with increase the ccncentration 
the acid. 


The processes taking place the systems formic acid formic ester and formic 
acid ethyl ether aprear differently the diagrams various 


the system formic acid formic ethyl ester, the curves are concave 
the composition axis and, therefore, they reflect cnly the dissociation the 
the components. The diagrams molecular weight ‘Fig. and 
trical conductivity indicate the existence chemical interacticn the system formic 


acid ether. the formaticn the compound could net detected either from viscosity 
isotherms from the isotherms conductivity The presence inter- 


$7.2 
91.5 
95.4 
97.7 
101.9 
106.1 
93.9 
14.25 
100.0 
102.7 
107.1 
112.9 
26.97 
99.9 
117.2 
33.57 
98.6 
104.4 
108.8 
119.6 
85.6 
45.80 91.7 
95.4 
100.6 
105.4 
114.4 


Table 


Foraic acid ethyl ether 


0.3998 


maximun the isoconcentrates molecular weight (Fig. 
mixing. 


Thus, comparison the viscosity, ele 
molecular weight indicates that individual 
the system and give presentation 
system, from the shape the viscosity and molecular 
between the ccmponents occurs the course 
statement can made about the presence such interac 


From the molecular weight and 
formic acid formic ester systeas the presence 
can pointed out, which reflected the viscosity 


‘Fig Whereas, neither frcm the viscosity nor 


Such statement The for the deviations 
follows. 


action between formic acid and ether clearly the distinctly expressed 


HCOOH moles 
0623 0.300 18.3 0.6304 1,985 
0.2422 1.142 1.2049 
4284 013 78.2 4378 1.186 101.2 
7841 1.0869 2.593 112.4 
0.1618 666 85.8 76.67 0.2129 0.588 96.5 
1.367 86.5 1.185 104.4 
2.115 85.4 6752 1.811 108.5 
9079 3.550 86.3 1.2825 2.840 116.3 
25.29 0.1225 0.470 88.7 3.502 121.5 
0.2824 86.45 0.3047 0.773 97.7 
0.5521 90.3 0.6739 1.561 105.7 
2.80 91.2 1.3889 2.849 11g.0 
9661 3.419 91.0 128.1 
0.3954 1.348 0.2758 91.7 
6540 96.0 0.4339 1.055 
1.1261 3.514 98.9 2.074 105.4 


and the positive thermal 


ctrical conductivity 
reflect the same extent the 
the formic acetic acid 
eight (Fig. reaction 
conductivity 
ticn. 


interaction between the Components 
isotherms 


finally, the acid ethyl ether system the the molecular 
weight diagram confirms the ex:stence considerable interaction between the components 


troconductivity isotherms can 
xhibited the curves can 


. 

99.3 

. 


The conductivity isotherms the formic acid acetic acid and the 
formic acid ethyl ether Systems are concave approaching the composition axis. The 
possibilities the presence such isctherms was originally established M.I. Usanovich 
study the systems with components which form chemical ccmpounds, M.I. Usan- 
ovich obtained curves convex toward the composition axis. Taking this basis, Usan- 
ovich considers that the electrical conductivity isotherms being concave approaching the 
abscissa indicates the absence any interaction between components. However, such shape 
the electrical conductivity isotherms can also explained result the interaction 
the forminganon compound... example such case the formic 
acid acetic acid and formic acid formic ethy! ester 


the deviations exhibited the viscosity and molecular weight curves, 
known that the viscosity isotherms are concave approaching the This not 
contradiction with the statement the presence chemical interaction the 


CONCLUS IONS 


uSing the molecular weight method the following systems have been investigated: 


acid formic acid acetic acid, acid ester, and 
formic acid ethyl ether. 


has been made the molecular weight method with the viscosity and 
electrical conductivity methods. 


v.v. and R.P. Airapetova, Journ. Gen. Chem. (USSR) 665 (1947). v.v. 
Udovenko, Gen. (USSR), 11, 276 (1941): Acta Physicochim USSR, 16, 336 (1942). 
V.V.Udovenko and S.F Babak, Journ. Gen. Chen. 655 
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VISCOSITY RELATIONSHIPS CHLORAL SYSTEMS WITH ALCOHOLS 


Laboratory Physical Chemistry Middle Asian State University 


The viscosity isotherms binary liquid systems, depending the nature the 
reaction between the components, can either regular irregular. The regular isotherms 
are those whose maximum corresponds exactly the composition the compound formed, and 
the maximum not shifted the concentration axis with change temperature. The 
irregular isotherms have maximum which does not correspond regular ratio the 
ponents. and with rise temperature, rule, according Kurnakov, the 
mum shifted towards the more viscous component. Such shifting the maximum toward 
the more viscous component even its disappearance the viscosity isotherms 
the liquid phase above its melting point Thus, N.S. Kurnakov and 
investigation the and chloral ethyl alcohol systems, believe that 
the shifting the maximum the viscosity isotherms these systems due the dis- 
sociation chloral-hydrate chloral-alcoholate. 


However, such explanation not full agreement with the known experimental 
facts. fact. the the viscosity isotherms these systems not shifted 
toward the more viscous component chloral, but rather toward the less viscous component. 
Moreover, the compounds formed, chloral hydrate and are stable con- 
pounds and not dissociate into any components, may confirmed cryoscopic 
determination their molecular weights Consequently. there are irregular 
which the shifting the maximum the viscosity isotherms can not interpreted 
due dissociation compounds formed. Udovenko was the first point this 
out. showed that the irregular maximum may appear also where stable compound formed 
which will react further with one the components the system. this case, 
ent the magnitude the viscosity, the irregular maximum would shifted toward that 
conponent with which the resulting stable chemical compound would react. 


The object the present investigation develop this interpretation V.V. 
For this purpose, those systems were chosen which the components formed stable 
compounds, i.e. systems chlorals and fatty alcohols. these systems, shown. 
cryoscoric investigations, the chloral-alcoholates react with the alcohols, and therefore 
the maximum shifted towards the alcohol, independent the viscosity 
value. For the aicohols, and alcohols were taken, since the vis 


cosity the first was considerably less and the second considerably greater than the 
cosity chloral. 


The chloral was prepared from chloral hydrate the method described Liebig, 
which concentrated acid was used degrading agent. The chloral obtained was distilled 
over freshly ignited lime. The fraction boiling and 726 pressure was collected 


and distilled directly into ampules distilling apparatus, the paper 
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Teble 
methyl 


Table 
Chloral isoamyl 


molecular 
chlorel 


1.1100 0.9078 0.9904 0.6707 
1.2356 2.0962 1.2015 1.3973 1.1812 1.0505 
30,32 1.2830 1.6507 1.2380 1.2065 
42.07 1.4278 6.0854 1.4009 1.3845 
44.40 1.4462 $.5908 1.4201 3.2436 1.3878 1.9456 
1.4685 1.4680 3.2820 1.3945 1.9416 
7.0230 1.4421 3.1392 14114 1.9154 
59.58 3.1817 1.4690 1.7936 1.4295 1.3788 
71.59 1.5102 1.7920 1.4691 1.2052 1.4393 0.9753 
84.16 1.5046 1.1980 1.4513 0.9218 1.4335 0.7225 
96.03 1.4903 0.8738 1.4531 0.6813 1.4304 0.5685 
1.4795 0.8411 1.4458 0.6611 1.4060 0.5539 
1.8 
Pig. 
0.00 0.8003 2.3761 0.7836 1.4300 0.7665 0.8834 
0.8582 0.8377 1.6501 0.8207 1.0230 
22.26 0.9804 4.0980 0.9661 2.2335 1.3408 
28.51 1.0402 4.6839 1.0256 2.4667 1.0076 
40.01 1.1416 6.0696 3.0140 1.0958 1.8013 
43.35 1.1796 6.4302 1.1446 1.2607 
45.73 1.1922 6.9230 1.1676 3.1210 1.1428 
6.9223 1.1847 3.2835 1.8285 
48.23 1.2105 6.8309 1.1855 3.0906 1.1572 1.8047 
49.26 1.2184 6.7507 1.1947 3.1470 1.8064 
5251 1.2441 6.0251 1.2184 2.9723 1.1943 1.7591 
55.76 1.2628 1.2364 2.7677 1.2130 
61.65 1.2957 3.9351 1.2724 2.3512 
100.00 1.4795 1.4458 0.6727 1.4130 
Pig. 
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° 
Methyl alcohol was dried and distilled over quicklime. The distillation alcohol 
wab carried out using column, packed with glass spirals, diameter and 
thick. The boiling point methyl alcohol was 64° 732 mm. pressure. 


Isoamyl (inactive) alcohol was prepared from the technical product distillation, 
using the same column. The fraction used for investigation had angle rotation 
This corresponds 1.6% admixture with the active alcohol. The boiling point 
this fraction was 721 


The results the viscosity and density the investigation the system chloral 
methyl alcohol are given Table and graphically presented Fig. The isotherm vis- 
cosities show the curves sharply defined maximum, which does not correspond any 
reguler composition: with rise temperature shifted slightly towards the alcohol. 


The results the investigation the chloral isoamyl alcohol system are given 
Table and graphically presented Fig. The viscosity isotherms pass through 
sharply defined maximum, which also, being shifted tewards the alcohol, does not correspond 


examination the viscosity diagram the chloral alcohol and chloral 
isoamyl alcohol systems can seen that the maximum the viscosity isotherms shifted 
toward the alcohol whether the the alcohol greater less than the viscosity 
the chloral. And the resulting chloral-alcoholate compounds are stable, they not 
dissociate into the original components. therefore impossible interpret the shifting 
the maximum toward the alcohol terms dissociation the compound. .In these 
systems the viscosity maximum shifted toward the alcohol result its 
tke coloral-alcoholates. But since the maximum the viscosity isotherms noticeably sim- 
plified with the rise concluded that the products the action 
the chloral-alcoholates with the alcohols are unstable and dissociate into their individual 
components with rise temperature. 


CONCLUSIONS. 


investigation has been made the chloral methyl alcohol and chloral isoamyl 


alcohol systems based determination the viscosity and the density three tempera- 
tures. 


has been shown that the viscosity maximum the alcohol systems 


always shifted toward.the alcohol, independent the magnitude the viscosity the 
latter. 


CITED 
N.S. Kurnakov and N.N.Efremov, Journ. Russian Chem. Soc., 45, 329 
Krotkov and Oksman, Journ. Russian Chem. Soc., 47, 588 (1915) 
N.S. Kurnakov, and F.P.Konev., Journ. Russian Chem. Soc., 1658, 
Sumarok.va and Journ. Gen. Chem (USSR), 1967 (1939). 
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PHYSICO-CHEMICAL INVESTIGATION THE SYSTEM NITROBENZENE 


ELECTROCONDUCTIVITY, VISCOSITY AND SPECIFIC GRAVITY 


Bigich 
Agricultural Institute 


trical coniuctivity, viscosity and specific gravity electrolytic solutions nitrobenzene. 


nitrobenzene have shown that the molecular electrical conductivity has normal 
character. 


Introducing correction for the the corrected molecular electrical conduc- 
tivity these concentrated solutions has anomalous character. 


comparison the course the molecular electrical conductivity curves, taking into 
account the viscosity the region high concentrations, suggests that the molecular state 
the substances also the same; therefore. the course the curves for the given 
electrolytic solutions the same and differs only its absolute value. order 
tigate the electrical conductivity function viscosity other electrolytes, 
has been made the electrical conductivity, viscosity and specific gravity the 


temperature interval 


For NH,Br was selected based the data thermal analysis 
which the welt produces similar compound. 


Starting Materials 


Aluminum bromide was prepared the method Gustavson from aluminum shavings and 
bromine. The preparation was purified repeated distillation and collected into ampules. 
was prepared from thiophene-free benzene. The benzene was nitrated the 
method the nitrobenzene was with water soda solution, and dried over calcium 
chioride. Nitrobenzene. redistilled several times. was collected ampules. 


was purified repeated recrystallization and dried remove moisture. 
stored sealed ampules. 


Aluminum bromine 
All preparations were 
The concentrations nitrobenzene solutions were adjusted 

measure simultaneously the electrical conductivity, viscosity and gravity. The 
solution was first straw yeliow color and with the increase concentration turned cherry 
red. The electrical conductivity was measured the usual Wheatstone bridge and telephone 
method. source alternating current generator was used, fed from line current. 

The investigations conductivity were carried out Arrhenius vessel fitted 
with ground glass stopper and horizontal platinum electrodes. 


benzene xylene and ethyl bromide have shown that with increase 


Table 


Weight 
complex 


26.7730 


Table 


Weight 
complex 


15.01 
10.17 

15,10 

95. 54 

30.64 

35.42 

45.61 


2.335 2.600 10160 23.7236 26.4165 
15.10 5.122 7.8665 3159 
20.28 5.714 10.629 2279 13.0222 
25.54 5.850 13.745 1746 24.3484 
5.637 17.304 1403 24.2785 
5.141 20.001 1136 5.7864 24.7640 
39.24 25.297 1014 4.6°46 2900 
45.61 3.507 30.415 844 2.9599 6706 
50.33 2.674 36.377 1.9580 
60.25 1.149 56.433 566 0.6503 
10.17 4.640 4834 22.6617 28,2664 
15.10 6.023 8.971 3183 19.1712 28.8870 
7.145 15.148 1760 12.5752 26.6609 
30.64 7.053 18.582 1416 9.9870 26.3120 
35.42 6.586 1146 7.856 
39.24 25.748 1022 26.3140 
50.33 4.096 37.639 742 3.0392 28.6080 
Table 
Table 
5.01 3.375 3.395 10:00 35.1000 39.4987 
10.17 5.980 6.763 33.5610 
15.10 7.781 10.069 3235 32.5555 
20.28 8.974 13.190 2332 20.9273 30.7597 
9.743 16.842 1787 17.4107 
30.64 9.905 20.574 1437 14.2334 
35.42 9.675 25.234 11.2520 
39.24 9.113 1037 9.4501 
45.61 8.249 34.759 7.1241 30.0320 
50.33 7.436 10.481 769 5.6885 30.8470 
60.25 4.915 57.442 2.8457 33.2584 


Table 
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Pig. Specific electrical conductivity 
nitrobenzene. 


Fig. Specific electrical conductivity corrected 
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concentration the ammonium bromide, the specific electrical conductivity increases. 
considerable increase the values electrical conductivity these ternary systems 
compared with the binary aluminum bromide organic solvent occurs. The authors 
ascribed this increase the formation complexes which passed the current. 


The results measuring the specific electrical conductivity the system NH,Br 
are given Tables 1-4 and presented graphically Pig. the abscissa 
are given the percentage the complex, and the ordinate the specific electrical 
conductivity reciprocal ohms. The curves Fig. relate the sepcific electrical con- 
ductivity function temperature and concentration. shown Pig. the value 
the specific electrical conductivity increases with the increase concentration, passes 
through the maximum, and then, with further increase concentration, gradually lowered. 
maximum the curves corresponds 25-30% complex. With increase 
specific electrical conductivity increases linearly for high concentrations. The rise 
temperature shifts the maximum the curves high concentration. 


The results calculations specific electrical conductivity. corrected for vis- 
cosity, are given Tables 1-4 and presented graphically rig. and 
Fig. show, introducing correction for viscosity the maximum the electrical con- 
ductivity and the curves increase and become concave toward the abscissa with 
increase the concentration the electrolyte. The increase temperature has slight 
influence the corrected specific electrical conductivity. 


The calculation molecular electrical conductivity was conducted, starting with the 
complex NH,Br different temperatures and concentrations. The results are given 
Tables and presented graphically Pig. 


As- Tables 1-4 and Fig. show, the value molecular electrical conductivity in- 
creases with dilution and normal nature with respect its aqueous solutions. With 
rise temperature, the value the molecular electrical conductivity increases linearly. 


the electrical conductivity corrected for the viscosity the 
In- tables 1-4 are the values molecular electricai conductivity, corrected 
for viscosity, and these are shown graphically Fig. The course the curves 
conductivity corrected for the viscosity system previous inves 
tigations,. increase concentration, the curve first decreases. passes aini- 
gradually increases. With increase the the complex, the 
number the structural groups cxtent the regularity the electrolyte 


result, the molecular electrical conductivity corrected for viscosity the 
region concentrated soiutions has anomalous character. With rise temperature, 
the value the corrected molecular electrical conductivity, result the decrease 
the viscosity the solution, results increase these values. 


the course corrected molecular electrical conductivity for the coa- 
nitrobenzene one may assume that both the molecular state these substances solution 
and the structurai groups which are similar. Hence, follows that 
the mechanism the passage the electric current the electrolytic solutions under in- 
vestigation are similar. believed that the solution under investigation the 
the viscosity solutions, number structural groups inhibiting the action 
the ionic bond, and other factors taking place solution. 
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Specific -Gravity 


The investigation the specific gravity the complex nitrobenzene was con- 
ducted under the same conditions the electrical conductivity. The specific gravity was 
measured pycnometer fitted with ground stopper with 0.01 ml. divisions. 


The results the determination specific gravity are summarized Table and 
presented graphically Fig. 


Table indicates the values the specific gravity increase with increase 
concentration, and the curves Fig. are concave toward the abscissa. The rise 
temperature results decrease the specific gravity which varies linearly. 


Viscesity 


The viscosity the solution under investigation was determined under the same 
the electrical conductivity and the specific gravity. 


The measurement viscosity the solution under investigation was determined 
modified Ostwald’s viscometer viscosity was calculated from the formula 


where and are the specific gravity and time ficw andt specific 
gravity and time flow water the same temperature; water taken from tables 
The results are summarized Table and presented graphically Fig. 


The curves Fig. represent the viscosity function temperature and 
centrate solution. 


Table indicate, the values the viscosity solutions low 
centrations slightly increase and the curve slopes downward; further, with 
increase concentration the complex, the curvature the curve sharply increased. 


Conclusions 


The electrical conductivity, viscosity and specific gravity the complex 
inthe range concentration from 5,01 60,25%, the range 
temperatures 20, 30, and have been investigated. 


Correcting for viscosity, the maximum the curves specific electrical 


ductivity disappears, and the electrical conductivity exhibits 
character. 


analogy the shape the curves for electrical conductivity. viscosity and 


ead nitrobenzene indicates that the nature these systems is, apparently, 
Similar. 


The specific and conductivity are ‘ncreased with rise 
temperature and the viscosity decreased. 


The specific gravity curves are toward the abscissa. 
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SYNTHESIS DIMETHYLETHYNYLPHENYLETHYLENE GLYCOL 
AND ITS REACTION SULFURIC ACID 


few pinacols containing unsubstituted acetylene radical are known. A.G. 
Favorskaya and A.S. Onishchenko obtained few pinacols the type: 


when heated vacuo the corresponding were obtained: 


and Colonge pinaccis the type: 


the condensation the corresponding keto-alcohols with acetylene the presence 
amide. study has been made the isomeric transformations these glycols. 


and Venus E.D. Venus Danilova and E.P. Brichko 
synthesized series pinacols with substituted acetylene 
ethynyl ethylene glycol. dimethyl-phenyl-tertiary butylethynl-ethylene glycol and dimethyl- 
p-tolyi phenylethynyl ethylene glycol, and investigated their extremely interesting trans- 
formation under the influence sulfuric acid the corresponding oxydihydrofuranes, 
according the scheme: 


early 1913, A.E. Favorsky suggested synthesis pinacol containing free 
hydrogen ethyleneglycol, and study its reaction 
with acid. The work was not completed and the products were stored sealed 


‘ 


- 


Recently the synthesis pinacol was repeated A.N.Shirshova. was ob- 
tained the action dimethylbenzoylcarbinol. was 
expected that the reaction product would the corresponding erythrite: 


CH; Hs 


which upon fractional distillation would decompose into pinacol and the initial 
keto-alcohol: 


However, the fractional distillation the reaction products vacuo yielded 
insignificant amount the fraction ab.p. the initial keto-alcohol, whereas the 
pinacol was the main reaction product. This disproportion the amounts pinacol and 
keto-alcohol obtained requires the adoption another mechanism explain the pinacol 
formation. Dimagnesium-dibromoacetylene, reacting with the hydroxy group 
carbinol, transformed magnesium-bromoacetylene, which reacts with the carbonyl group 


the keto-alcohol. Decomposition the magnesium-organic complex with water yields 
pinacol. 


3 
—MgBr 


CHs—C 
which was identified Its formation can explained the fact 
under the conditions magnesium organic synthesis carbinol was reduced. 
its carbonyl group being reduced group. formulate reaction mechanism this 
stage would premature. The reducing properties organic compounds have been 
known for long time and have been studied series examples;: however, the reducing 
properties magnesium-bromo acetylene have not been described the literature: addi- 
tion, the reduction the carbonyl group under the influence magnesium-organic compounds 


always yields secondary alcohol group; this case there was complete reduction the 
group. 


é 
= 
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The reaction product was pinacol glycol 
am.p. contains free acetylenic hydrogen, and white flaky precip- 
itate with ammoniace! solution silver oxide. When heated with sodium hydroxide 
solution decomposes acetylene and keto alcohol dimethylbenzoylcarbinol. Oxidation 
the pinacol with lead tetraacetate the method Cricge yields acetone; the 
second decomposition product, benzoylacetylene, formed resinous substance under these 
reaction conditions. 


study was made the interaction the pinacol with dilute sulfuric acid. 
Heating with and 10% sulfuric acid gave rise both cases resins. Boiling for 
longer period (for two hours), after the removal resin the aqueous solution had 
yellow-green fluorescence, which disappeared upon neutralization the solution. 
other products than the starting material, pinacol, could isolated either from the acidic 
neutral solutions. The results suggest that the interaction dimethyl-ethynyl- 
phenyl-ethylene glycol, the transformation proceeds according the scheme established 
E.D. for pinacols with substituted acetylenic radicals. The derivatives 
formed, when dissolved mineral acids have green fluorescence 
form oxonium salts. The derivatives hydroxydihydrofurane react the tautomeric 
form unsaturated ketoalcohol; the case butyl 
glycol the unsaturated hydroxyketone was isolated free state. our case 
unsaturated hydroxyaldehyde instead hydroxyketone should formed; the presence 
sulfuric acid this almost completely resinified, and only part yields 
derivative hydroxydihydrofurane; its presence acid solution can detected 
but fairly clear, yellow-green fluorescence: 


] ens 
CH,’ 


The absence carbonyl the reaction products indicates that second 
possible isomeric conversion pinacol pinacolone rearrangement takes place this 
case. 


# 


PERIMENTAL 


initial was obtained the ordinary method gradual 
transformations: 


The saponification bromoketone was carried out using 
sodium hydroxide the method and Mauss The nification was completed 


ee 


hours, yield ketoalcohol 80%. 


Into ethereal solution magnesium-bromoethyl (obtained from magnesium 
and ethyl bromide 400 ml. ether), was passed acetylene until 
the reaction mixture showed definite separation into layers. the following day 
ketoalcohol 400 ml. alcohol was added slowly with efficient stirring, over period 
hours, the magnesium-organic compound. Upon completion addition the keto- 
alcohol, the stirring was continued for another hours, and the product allowed stand 
overnight. After decomposition the magnesium-organic complex with water and dilute sul 
furic the ether layer was separated. and the extract dried with potassium carbonate. 
After distilling off ether the was subjected repeated fractional distillation 
vacuo. Three fractions were collected under pressure 


The first two fractions are liquid. the third fraction crystallized the receiver. 
Boiling points and III fractions are similar those the products synthesized 
1913; the products remained entirely unchanged, boiled and melted years ago, and 

could used for subsequent investigations. 


The boiling point fraction indicated the possible presence the initial 
ketoalcohol mm). Treatment with semicarbazide hydrochloride yielded 
amount semicarbazone m.p. 176 the greater part the substance taken 
for the reaction remained unchanged liquid, insoluble the semicarbazide solution. 

When mixed with the known semicarbazone gave depression the melting point. 


0.0852 substance. 13.9 762 mm). 
substance. 15.5 760 mm). 
Found 19.03 


B.p. fraction (11 mm) careful fractionation yielded fraction 


b.p. mm. This fraction forms semicarbazone. 


Analysis substances b.p. 94°C ma. 
Determination elemental composition 


Found 79.82. 79.93: 9.45, 9.39 


Determination hydroxyl. the method Zerevitinov 


0.0705 substance: 10.2 (16.5°C, 740 mm) 
Found 10.07. 


the determination the group, the magnesium organic compound rapidly 
oxygen from the this was responsible for the !ow results obtained. 


Determination moiecular weight 


0.1373 substance: 18.66 0.25% 
Found: 152.0 

Calculated 150.0. 


Determination specific gravity and mclecular refraction 


Found: MR, 45.81. 
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The absence carbonyl group the substance boiling 94°C mm. and the 
Similarity the constants given the literature for 


carbinol. 


This alcohol gives discoloration the permanganate solution the cold; 
oxidation with chromic mixture, recovered unchanged. When boiled with potassiua 
permanganate solution the alcohol was recovered part, and part was oxidized and 
benzoic acid. This behaviour towards oxidation indicates the presence alco 
holic group the alcohol. 


This fraction, representing dimethyl-ethynyl-phenyl-ethyleneglycol, crystallizes 
the receiver and partly the condenser, with the formation pretty druses crystals. 
The melting point the product recrystallized from mixture ether and petroleum ether 
was the pinacol with ammoniacal solution silver oxide yielded 
white, flaky precipitate the silver derivative. Pinacol sparingly soluble ben- 


Determination elemental composition 

0.2066 substance: 0.5729 0.1373 H20. 

Determination molecular weight 


0.1043 substance; 28.92 benzene: 
Found: 185. 
Calculated: 


Decomposition pinacol heating with alkali. 


pinacol was heated with sodium hydroxide, and dissolved ml. water; 
the liberated acetylene was absorbed the copper prepared according Ilosway, 
characteristic red-meat precipitate the copper derivative being formed. The reaction mix- 
ture (strongly tarred, was subjected steam distillation. The distillate was extracted 
with ether; distilling the ether yielded small amount ketoalcohol b.p. 
mm. 


Oxidation pinacol means lead tetraacetate. 


Lead tetraacetate was prepared the method Criege from red lead and glacial 
acetic acid. 3.5 pinacol dissolved ml. glacial acetic acid, and 
excess, lead tetraacetate were placed vessel fitted with reflux condenser. Upon 
mixing the reaction products, heat was evolved. When heated water bath temperature 
lead tetraacetate dissolved completely one hour. After cooling, the contents 
were neutralized with soda, the precipitate mineral salts filtered off, and the filtrate 
distilled off. The first drops distillate were treated with solution nitrophenyl- 
The precipitated m.p. gave depression with 
the known ketone. The subsequent drops yielded small white 
flaky precipitate with ammoniacal solution silver oxide; this indicates the presence 
the aqueous solution benzoylacetylene, the second decomposition product glycol; the 
mass this unsaturated ketone remained the distilling flask resin. 


Reaction glycol with sulfuric acid. 


pinacol was heated boiling with constant stirring with 115 20% sulfuric 
acid for minutes. The liquid darkened strongly and the heating was discontinued. The 
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reaction products, with the exception small amount recovered initial glycol 
mm, m.p. could recovered either from the acidic solution, the 
solution neutralized with soda. 


order reduce tarring, the following experiment was carried out using #0%:8ulfutic 
acid. 10g. pinacol was heated with 128 ml. 10% sulfuric acid. Disregarding the pronounced 
darkening the solution, the boiling was continued for hours. Upon completion boiling, 
the solution was decanted from large amount sticky, thick dark resin. Upon cooling, 
the solution yielded small amount pinacol The crystals were filtered out; 
the solution had weak, but definite yellow-green fluorescence. Upon neutralization with 
soda the fluorescence disappeared. products were isolated from the solution. 


CONC LUS IONS 
has been synthesized. 


has been shown that its preparation, the ketoalcohol dimethy 
binol reduced dimethylbenzyl carbinol. 


The structure the glycol was verified decomposing it, heating with 
solution alkali and oxidizing with lead tetraacetate. 


The reaction the glycol with and 20% sulfuric acid has been investigated. 


Journ. Gen. Chem (USSR), 13, 616 and 
Colonge, Bul. (5) 12. 347 A.E,Favorksy and E.D.Venus, Rus. Chem. Soc., 
1549 Denilova and E.P.Brichko, Journ. Gen. Chem., 
1849 Criege, €4, 260, and Mauss, Biochem.Z., 192, 
220, (1928). 
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OXIDATIVE AND OXIDATIVE HYDROLYTIC TRANSFORMATIONS ORGANIC MOLECULES 


IV. TRANSFORMATIONS 2-METHYL-1,4-NAPHTHOQUINONE OXIDE 


Shchukina, A.P. Kondrat'eva, and Shemyakin 


Organic Chemistry the Institute Biological 
and Medicinal Chemistry Academy Medical Sciences 
the USSR 


communication was emphasized that order understand the 
causes and mechanism purely hydrolytic, well oxidative-hydrolytic cleavages 
quinones was essential know whether preliminary treatment quinones with oxidizing 
agents promotes their hydrolytic cleavage. 


Since this problem was unsolved, seemed desirable make systematic investiga- 
tion, starting first with quinone oxides. These should primary compounds, which may 
formed the action oxidizing agents quinones; therefore, was interest 
clarify not only the principal tendency the ring groupings toward hydrolytic cleavage, 
but also the conditions under which this process could realized. 


Clarification these problems should answer this question: does the entering 
the oxide oxygen into the molecule falicitate hinder the hydrolytic cleavage carbon 
bonds? 


attempt obtain comparable results, the 2-methyl-1,4-naphthoquinone oxide 
was selected for the initial investigation, since earlier studies had covered the character 
and conditions cleavage the cyclic groupings naphthoquinone (II) and 


According our data, described detail the experimental section and sub- 
sequent communication the process the cleavage 2-methyl-1-4-naphthoquinone oxide 
differs with respect the conditions necessary and the inherent nature the reaction occur- 
ring the cleavage and phthiocol. the two last-named 
compounds remain practically unchanged prolonged heating with water the presence 
absence oxygen. the initial value the solution 
oxide may exhibit under these conditions cleavage the carbon bonds the ring. 


The formation acid (IV) result such process. 
The oxide partially converted (II, and phthiocol 
CH, 
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oxide: undergoes under these conditions series 
oxidative-hydrolytic addition oxygen from the air, the initial 
oxide and the reacticn product methyl-1,4-naphthcquinone may ect oxidizing agents. 


Thus, the cleavage the oxide the acid (IV) should regarded oxida- 
tion-reduction process. this respect this differs greatly from the purely hydrolytic 
cleavage not connected with concurrent action any oxidizing agent. 


The separation the reaction products, formed after boiling 
with water presents difficulties. The presence 
and phthiocol among the reaction products (see experimental section) can determined with- 
out difficulty. However, establish the structure acid (IV), 
not described the literature, required 


This acid appeared white crystalline substance. melting, with decomposition. 
The results titration and the analytical data the silver salt indicated 
that monocarboxylic acid. Boiling with methyl alcohol presence 
sulfuric acid yielded the corresponding monoesters. The methyl ester this acid was also 
obtained the action methyl iodide the silver salt. According the data elemen- 
tal analysis these esters and the acid, the formula the acid corresponds 
The acid developed bright yellow coloration with solution ferric chloride. This 
suggests the presence hydroxyl. However, the preparation derivative with 
respect the hydroxyl group difficult. Acetylation with acetic anhydride 
chloride the presence absence pyridine yielded individual compounds. acid 
did not discolor bromine but underwent oxidation aqueous solution. With 
ammoniacal silver solution. formed silver mirror; gave corresponding deriv- 


reaction with silver suggested their presence. 


reaction was found essential clarify the structure the acid (IV). 
Heating the alkaline solution this acid with iodine yielded 


This suggests that the molecule contains either the group the group 
Therefore. the acid (IV) not bicyclic compound. 


The observation the behavior the acid alkaiine soluticn was found 
still greater importance. was established that aqueous acid developed red colora- 
tion the presence when shaken air slowly the cold, and when 
heated. was found that the development the red color was connected with the formation 
precipitate when the solution was acidified. can identified its melting and 
also synthesis various derivatives described the literature. Under certain 
ditions (see experimental section; -hydroxy-1,4 can obtained from acid 
with yield approaching 90% theoretical. 


Since this reaction was great importance for final the acid 
structure was investigated detail. These transformaticns are also interest 
since they provide better understanding the mechanism the closure such compounds 
with respect particular. the investigation this reaction made possible 
study the mechanism the called Kooker reaction invclving the opening the 
quinone ring and its subsequent formaticn. 
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With respect confirmation the acid structure (IV), find that the formation 
which two carbonyl groups are directly combined 
with the benzene ring suggests that these carbonyl groups should next the benzene 
ring also the aeid The position the carboxyl group the molecule had not 
completely verified. remained uncertain whether the contains three 
hydroxyl and two groups. clarify these questions and finally 
the acid structure the acid was heated with aqueous alkali the presence 
oxygen from the air. was found that under these conditions there was formation 
Instead, crystalline substance decomposition temperature 
having the formula was isolated. 

The presence three active hydrogen atoms was determined the method Zerevitinov- 
Terent’ev. Titration was conducted hydrogen atmosphere. alkaline solution the 
presence oxygen from the air, this compound formed red alkaline solution 2-hydroxy- 
-1,4-naphthoquinone. This interfered with accurate determination the end point. was 
found that this compound was monocarboxylic acid. 


acid (VIII) was described the literature and 
its properties are similar those our compound [5] This acid was prepared reducing 
verify the identity the product formed the reaction with 1,2-naphthohydro- 
acid was oxidized with nitric acid. auinone orange color with 
was obtained; this formed anilide According the analytical 
data, the formula the Thus, doubt remains that the quinone 1,2- 
-naphthoquinone-4-carboxylic acid (IX), and the compound m.p. 194°C 1,2-naphthohydroquinone- 
-4-carboxylic acid formation the latter from the acid (IV) when heated with 
alkaline solution the absence oxygen from the air can the following 
scheme, 


These transformations confirm definitely that the acid (IV, phenyl- 
acid. 


should peinted out that the latter may react also the tautomeric form (X): 
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with the possibility the formation diol grouping; apparently this hinders the 
the corresponding with respect the hydroxyl and the carbonyl groups. 


further study the properties the acid and also the acid VIII) 
was interest from the point view clarifying the mechanism formation 2-hydroxy- 
1,4-naphthoquinone (V). has been established that this quinone obtained heating with 
aqueous alkali either the acid (IV the acid However, both cases 
the presence oxygen from the air was necessary;; otherwise the acid (IV was transformed 
the acid (VII The latter remained unchanged under these conditions. the 
other hand has been shown that the formation accompanied 
quantitative splitting off one molecule carbon dioxide. All these facts suggest 


the following scheme transformation o-lactyl-phenyl-glyoxylic acid 
-naphthoquinone:. 


The first stage this reaction is, apparently, the formation intermediate 


acid (VI). six-membered ring formed. Similar transformations have been 
described the literature; however, they referred only five-membered transformations 


(Reference This reaction indicates that such cyclizations lead also 
six-membered rings. 


The acid can isolated its dehydration product acid (VII) when the reaction 
carried out the absence oxygen: this excludes the possibility oxidative decarboxyl- 


2-hydroxy-1,4-naphthoquinone only alkaline solution the presence oxygen from- 
the air, can assumed that first hydrated and then transformed back the acid 
the latter then subjected oxidative decarboxylation. 


interest point out the character this decarboxylation. has been 
established that some hydroxy acids structure similar the indan series can undergo 


purely hydrolytic decarboxylation without any oxidizing agent being present (data 


However. our case hydroxy acid (VI) 


ation acid (VI) naphthoquinone. Since the acid (VII) can transformed 


hed 
ad 
‘ 


was capable decarboxylation only the presence oxidizing agent: 2-hydroxy-1, 
naphtho-quinone was obtained final product. course, the formation the latter 
should preceded more hydrogenated compounds and, probably the first place 
pound (XI). 


conclusion should pointed out that the question the mechanism trans- 
formation (I, oxide o-lactyl-phenyl glyoxylic acid 


air. Into round bottom flask. fitted with reflux con- 
denser and tube extended the bottom the flask and connected with gasometer, were 
introduced liters distilled water. The water was heated boiling and 2-methyl- 
1.4 naphthoquinone oxide added*, and the air allowed pass from the gasoreter. This was 
continued for hours, and 40-50 air was used during this period. The oxide melted 
water. After minutes the solution developed pink color which after 15-20 minutes 
turned dark yellow. Upon completion the reaction the solution was cooled, acidified 
with sulfuric acid and extracted with ether 1-2 times together with with the resulting 
precipitate. The aqueous almost colorless, was evaporated vacuo 45-50°C and 
mm. volume about 150 ml., neutralized with soda slightly acid reaction with 
congo red and then evaporated dryness. The dry residue was extracted with ether 
Soxhlet apparatus for hours. After distilling off the ether white precipitate re- 
slightly contaminated with oily reaction products. The latter were removed and the 
crystals washed with small amount ether. The product was recrystallized 1.2 times from 


The ether solution was washed several times with 10% soda solution until the extract 
became colorless, and then with water neutral reaction the water layer. The neutral 


ether extract was dried with sodium sulfate and the ether was distilled off. Residue 
0.15 yellow substance mp. After recrystallization from alcohol 
m.p mixture with methyl 1.4-naphthoquinone the m.p. showed 


The soda solution was acidified with sulfuric acid, the precipitate was filtered off, 
and the mother- liquor was extracted with ether. After off the ether the compound 
previously reported was added the precipitate. Tota! weight 1.4 After recrystalliza- 
tion from methyl wt. m.p. sample mixed with phthiocol melted 
the same temperature. 


hydrogen. round bottom liter flask was provided with 
reflux condenser and iniet tube extended the bottom for the passage hydrogen. The 
flask was fitted with cork holding glass rod with hook its end. glass vessel con- 
taining naphthoquinone oxide was suspended the hook. liters 
distilled water were introduced the flask. The system was freed from air and filled with 
hydrogen. This had been purified previously passing through alkaline permanganate 
aqueous lead acetate. order remove the last traces 
oxygen, hydrogen was passed through ignited tube filled with copper; after passing 
through safety bottle, was introduced into the reaction flask. The reflux condenser was 
empioyed outlet for the gas. The condenser was connected safety flask and two 
Tishchenko flasks containing alkaline solution The displacement the air 


Acknowledgement made for the assistance eva the analytical 
ata. 


oxide was obtained the action hydrogen peroxide and 
the alcoholic solution M.p. from methyl 
alcoho 


traces dissolved air. The vessel with the oxide sample was boiling 


The compound was readily soluble alcohol, glacial acetic acid, sparingly sol- 
uble ether, very soluble hot water, less soluble cold. Yields good crystals from 


small amount water. After three crystallizations from water, m.p. 232°C (with decompos- 
ition). 


the cold developed slight yellow coloration with 10% aqueous alkali. 


ing the alkaline solution the presence oxygen from the air developed garnet red 
color ation. 


Boil 


Bromine water showed discoloration; ammoniacal solution silver nitrate 
formed silver mirror only heating. 


precipitate with lead carbonate either aqueous alcohol solu- 
distinguishes this compound from phthalic acid and allows quantitative 


tion the latter when present together with the above compound use the method 
described communication [2]. 


i 


The substance remained unchanged when boiled for hours with aqueous 
sulfuric acid, and also when boiled buffer solution 7.21. 


data substance dried constant weight 100-105°C mm): 


Data direct titration aqueous alcohol the presence 
phthalein: 


Found molecular wt. 227.8. 


from the system was continued for the reaction flask being boiled remove 

COOH. Calculated molecular wt. 222. 


Determination methyl group. accerding Liben: 0.20 
acid was dissolved with heating water, 0.9 iodine ml. 10% potassium 
added, and m!. solution potassium hydroxide added the hot solution. The 
mixture was boiled minutes and then extracted with ether. The ether solution was washed 
solution. water. and dried with sodium sulfate. Distilling off the ether 
0.25 iodoform m.p. 118°C. 70%. 


Preparation silver salt. 1.0 o-lactyl-phenyl-glyoxylic acid was dissolved 

the cold ml. water and neutralized with aqueous ammonia solution weak 
solution with litmus. smal! amount phenyl glyoxylic acid was added the soiu- 

tion until slightly acidic. few drops 10% silver nitrate produced precipitate. The 
latter was filtered off and another silver nitrate solution was added the mother 

liquor. 
i 


Cooling the solution separated white crystalline precipitate the silver salt, which 
was filtered off and washed first with water, and then with Weight 0.5 


Found Ag. 32.51. 


glyoxylic acid, ml. absolute aicohol and drops 
concentrated sulfuric acid were boiled water bath for 


The reaction mixture 
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was dissolved ether, and the ether solution was washed with 10% soda solution, then 
with water, followed drying with sodium sulfete. Distilling off the ether yielded 
syrup which crystallized rapidly. Weight 1.0 125°C. Two crystallizations 
diisoamyl ether with subsequent washing the crystals with pentane and drying vacuo 
50°C 5mm. yielded methyl ester melting 132°C. 
Found 60.95: 5.26. 
Ethyl ester o-lactyl-phenyl-glyoxylic acid can obtained under the cendi- 
tions. M.p. 128°C (from ether). 


0.5 silver salt o-lactyl-phenyl-glyoxylic acid and methyl iodide 
were shaken continuously for hours. The precipitate silver iodide was filtered off 
and washed with ether. Distilling off the etner yielded 0.3 white crystalline 
substance which was twice recrystallized from ether, and washed the filter with 
pentane. The compound melted 132°C and gave depression the melting point mix- 
ture with the methyl ester obtained the previous experiment 3a. 


the former, dissoved with heating ml. alcohol, was added 
dissolved hot water. yeliow precipitate was formed. After 
boiling for minutes the reaction mixture was cooled, and the precipitate was filtered 
Weight 1.1 The compound was recrystallized several times from alcohol. After drying 


Action o-lactyl-phenyl-glyoxylic acid the presence oxygen 
from the air. 


aqueous potassium hydroxide were placed round bottom flask equipped with reflux con- 
denser tube extended the bottom the flask and connected with gasometer. The 
originally coloriess solution turned yellow and after passing the first air 
bubbles from the gasometer turned dark After minutes boiling current air, 
the solution was cooled, acidified with sulfuric acid, and the yellow precipitate extracted 
with ether. The ether solution was dried with sodium and the ether was distilled 
off. Yield 0.08 m.p. 186 187%C. After recrystallization from methyl m.p. 190- 
The product gave depression the melting point mixture with 

naphthoquinone and produced readily anilide described Liberman needles from 
alcohol m.p. mixed sample this substance with anilide the 
same temperature. Yield 2-hydroxy 1,4-naphthoquinone 


Determination split off carbon dioxide. The determination was carried out 
small three-necked flask. fitted with dropping funnel, tube extended the bottom 
the flask. and with reflux condenser. The air, introduced from the gasometer into the 
flask, was purified from carbon dioxide passing through Tishchenko flasks, containing 40% 
sodium hydroxide solution and containing water. The air and carbon dioxide passing 
through the reflux were introduced titrated alkaline soiution placed two 
flasks connected series. Tishenko flask containing 40% sodium hydroxide solution was 
connected the end the system. 


9.2196 g.o phenyl acid were placed three-neck flask. Each 
the flasks contained ml. alkaline solution absorb carbon dioxide. After 
checking the system for leaks ml. 5.5% potassium hydroxide were introduced from the 
dropping funnel and the passage air from the started. The was heated 
for minutes. then cooled and with 30% sulfuric acid which 
was through the same dropping funnel. The soiution was heated boiled 
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current air, completely remove the carbon dioxide formed. Upon 

completion the experiment. the solution alkali used for the absorption carbon 
dioxide was back-titrated with 0.1 N.acid solution, first phenolphthalein end point, 
and then methyl orange end point. 12.49 ml. alkaline solution was used 
the dioxide. preliminary experiment was established that for the 
dioxide obtained from potassium carbonate present ml. potassium hydroxide, 
3.22 ml. 0.1 solution was consumed. Therefore, for the carbon dioxide formed 


result this reaction, total 9.27 ml. 0.1 alkaline solution were required; 


calculation showed ml. required. Thus, the yield carbon dioxide was 97.7% 
theoretical. 


Action alkali o-lactyl-phenyl-glyoxylic acid the absence oxygen. 


small three-necked flask was fitted with dropping funnel, tube extending the 
bottom the flask, and reflux condenser connected with Tishchenko flask which contained 
alkaline solution pyragallol. The system was filled with hydrogen (or nitrogen) 
purified passing through alkaline solution permanganate and pyragallol. 
final purification remove traces oxygen the hydrogen (nitrogen) was passed through 
ignited tube filled with ccpper. small safety flask was placed between the inlet tube and 
the three-necked flask. Into the flask were introduced ml. water, 1.0 o-lactyl-phenyl- 
glyoxylic acid, the system was checked for leads and the air was displaced means hydro- 
gen. remove the air dissolved water, the contents the flask were heated 
atmosphere hydrogen for hour and, after ml. 18% aqueous alkali 
were added from the dropping funnel. The reaction mixture first turned yellow, and then 
brown. After boiling for minutes current hydrogen, ml. 50% sulfuric acid was 
added through the same dropping funnel. precipitate 
acid was filtered off. Weight 0.45 g.: m.p. 190-192°C (with decomposi- 
tion). After two crystallizations from water the presence bone black, the 
tion temperature was 194°C. Heller obtuined this acid another method and reported 
the decomposition temperature 195°C 


3.19 and 3.03. 


Titration this acid with aikali was only possible the absence oxygen from 
the air; the presence the latter bright red salt 2-hydroxy-1,4-naphthoquinone 
was and was difficult determine the end point titration. 


The titration was carried out atmosphere hydrogen aqueous-alcoholic 
solution the presence phenciphthalein. 


Found molecular wt. 208.8 and 210.2. 
COOH. Calculated molecular wt. 204: 


1,2- 4-carboxylic acid was oxidized using nitric acid (sp. gr. 
1.2) the corresponding quinone under conditions described Heller Starting with 
0.2 the hydroquinone the was 0.16 carboxylic acid 
m.p. (from acetic acid): Heller reported m.p. 


The quinone reacts solution with forming anilide dark 
red needies m.p. this the data reported Heller 


Action alkali 1.2-naphthchydroquinone acid the presence 
cxygen from the air. 


Isolation 1.4 naphthoquinone. The reaction was carried out under 


the conditions described for experiment 5a. The isolation naphthoquinone 
was also carried out with the observation the conditions described experiment. 
Starting with 0.2 naphthohydroquinone-4-carboxylic acid, the yield was 0.18 
After amounts ether and recrystallization from methyl alcohol this 
melted and gave melting point depression mixture with hydroxy-1,4- 
-napthoquinone. The quinone was also characterized its conversion anilide 
191°C) and The properties the com- 
pounds were similar those reported the literature 


Determinaticn carbon dioxide. The determination was carried out 
under exactly the same conditions described experiment 


Weight 0.2104 1,2-naphthohydroquinone-4-carboxylic acid. For carbon dioxide 
formed during the reaction 7.98 ml. 0.1 alkali solution were consumed: whereas the cal- 
culated amount was 10.32 ml.. Yield carbon dioxide: 


CONCLUS IONS 


has been shown that the oxide when boiled with water 
undergoes oxidative hydrolytic transformations giving rise phthiocol. 
-naphthoquinone, and lactyl phenyl glyoxylic acid. This latter has been inves- 
tigated The process its oxidation 2--hydroxy-1,4-naphthoquinone and its 
principal reactions have been investigated great detail. 


LITERATURE CITED 


L.A.Shchukina, Journ. Gen. Chem., (USSR), 18, 1925 L.A. 
Shchukina, A.P. Kondrat’eva, M.M.Shemyakin, Journ. Gen. Chem. (USSR), 18, 1945 (1948). 
eva, M.M. Shemyakin, Journ. Gen Chem 18, 2121 
and M.M.Shemyakin, Journ. Gen. Chem. (USSR) 19, 193 Heller, 
45. 674 T.Winzer, Journ. Am. Soc. 
Diehle. Ber.. 11, 1314 


\Consultants Bureau English translation 175 and following. Article No. G-13.) 


173 


OXIDATIVE AND OXIDATIVE-HYDROLYTIC TRANSFORMATIONS ORGANIC MOLECULES 


MECHANISM OXIDATIVE-HYDROLYTIC TRANSFORMATIONS 
OXIDE 


laboratory Organic Chemistry the Institute Biological 
and Medicinal Chemistry the Medical Sciences 
the USSR 


studying the influence the degree oxidation quinone molecules the ease 
hydrolytic cleavage their cyclic groupings, investigation made the conditions 
and character the oxidative-hydrolytic cleavage (I) oxide. 
the previous communication was shown that the cleavage this oxide could 
plished readily boiling with water. This process did not require the presence oxy- 
gen and resulted the formation acid (VII), together with con- 
(II). However, the the cleavage the cyclic grouping the 
oxide and the intermediate steps the whole process were not clarified and required 
experimental investigation. the same time the clarification these questions 
was necessary for understanding the nature the steps the oxidative hydrolytic 
cleavage quinones and the products their oxidation. For this further investi- 
gation was underteken the mechanism the cleavage naphthoquinone (1) 
oxide when boiled with water. 


comparison the formulas the initial oxide and the final o-lactyl- 
glyoxylic acid indicates that the formation the latter should 
nected not only with the hydrolytic, but also with oxidative transformations. passing through 
intermediate steps. Since together with the acid phthiocol was always 
could assumed that represented intermediate product the conversion the 
oxide lactyi-pheny] glyoxylic acid (VII). However, the basis the investigations 
described one the earlier communications this assumption cun rejected. fact, 
was established that phthiocol was incapable undergoing changes protracted boiling 
with either the absence the presence oxygen from the air. Apparently, ‘this 
was the reason for its presence among the transformation products the initial oxide. 
However, was shown that boiling phthiocol with water above caused purely hydrolytic 
cleavage occur. This gave not acid, but 
propionyl and the secondary product its transformations 
formed from oxide, not through the latter, 
apparently. represents, not intermediate but side product, obtained result 


What then the actual manner formation o-lacty! acid? The 
structure this acid, the necessity during its formation for the presence both oxidiz- 
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‘ 
ing and hydrolyzing agent, and also series new experimental data, sugzest the fol- 
lowing scheme: 


detailed the separate steps this process and those experimental 
data which may used justify the proposed mechanism follows: 


The formation the glycol (III) first intermediate product follows from the 
fact that when the oxide (I; was boiled with water, addition 
acid phthiocol (IV) was always formed. known that the quinones and 
their respective glycols are readily transformed obvious 
thet the oxides undergo hydration followed dehydration; therefore, the 
phthiocol during the reaction indicates that was preceded the formation glycol 


present the formation this glycol first intermediate product this process 
has been fully confirmed the isolation the respective azine derivative (VIII) the 
reaction splitting the oxide the presence 


The formation the azine derivative started rapidly soon the 
-1, 4-naphthoquinone oxide was boiled with water containing dissolved 
ever the separation this compound aad its purification facilitated carrying 
out the reaction period hours. The azine derivative formed precipitate 
bright orange crystals. could readily obtained pure state after several 
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recrystallizations from The investigation this substance confirmed the struc- 
ture expressed formula (VIII). 


According analytical data, its composition ccrresponds the followirg formula: 
using the method was found that the con- 
tained two active hydrogen atoms. The characteristic bright-orange coloration the 
pound also correlated with structural formula(VIII). This coloration was apparently due 
the presence the molecule system consisting seven conjugated double bonds, 
having one end chromophore group, the other end auxochrome (secondary 


decisive proof the structure the isolated product was provided its oxida- 
tion azine derivative (IX); this latter structure was well established (in collabora- 
tion with Ya.B.Shvezov) not only extensive investigation its properties but also 
synthesis. The process oxidation could realized practically quantitative yield 
reacting with chromic anhydride acetic acid solution. 


Thus, there doubt that the first stage the transformation 
quinone (I) oxide the final product acid (VII) the hydration 
this oxide, giving rise compound (III) first intermediate product. 


examination the second the process: the formation inter- 
mediate hydroxytriketone (V) follows. 

was established that when the initial oxide was boiled with water for: 7-8 hours 
current air the presence o-phenylenediamine azine derivative was formed, 
which corresponded hydroxytriketene (V). The structure this compound, expressed 
was verified this laboratory collaboration with Yu.B.Shvezov (for details 
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the other hand was shown that the axine derivative obtained from compound (III) 
having the structure (VIII) could oxidized under the same conditions, i.e., when boiled 
for long period time with water current air, the same compound (IX). 


Thus, the data provided the experimental work are sufficient confirm not only 
the first, but also the second step the suggested scheme transfarmation 


Siace was established that this reaction proceeded through the formation 
hydroxyketone(V) intermediate product was essential provide experimental evidence 
for the last stage also the suggested scheme that hydroxyketone was capable under the 
reaction conditions, i.e. when boiled with water, undergoing hydrolytic cleavage with the 
formation o-lactyl-phenyl-glyoxylic acid (VII). For this purpose, the authors collabor- 
ation with Yu.B.Shvezov, developed methods for the synthesis this hydroxyketone (and also 
its acetyl derivative) from the corresponding chloroketone; was shown that even when 
heated with water for only brief time o-lactyl-phenyl-glyoxylic was formed. 
Thus, the last step the proposed scheme has been experimentally confirmed. 


4 


above data reveal clearly that the process conversion 
-naphthoquinone oxide (I) the final product (VII) did not have purely hydrolytic 


oxidative-hydrolytic, nature. Naturally, o-lactyl-phenylglyoxylic acid was 
obtained this case smaller amount. 


The ability 2-methyl-1,4-naphthoquinone oxide develop oxidative properties has 
been established several examples. Thus, was shown that observing definite condi- 
tions quantitatively monovalent negative iodine free iodine, and also divalent 
iron trivalent, being the same time reduced 2-methyl-1,4-naphthoquinone. 
sufficient data exist regard 2-methyl-1,4-naphthoquinone formed together with o-lactyl- 
-ohenyl-glyoxylic acid when 2-methyl-1,4-naphthoquinone oxide boiled with water, re- 
duction product this acid. also should emphasized that when the reaction was con- 
ducted the absence oxygen from the air the yield 2-methyl-1,4-naphthoquinone was 
increased. this case can assumed that was also capable 
developing properties, especially those cases when the reaction was carried 


oxide not property this compound alone. Comparatively recently was shown 
that some carotenoid oxides also can reduced their corresponding carotenoids 


All these data confirm the proposed scheme for the reactions 
2-methyl-1,4-naphthoquinone oxide. 


Formation azine derivative (VIII) in- the process oxidative-hydrolytic cleavage 
2-methyl-1,4-naphthoquinone oxide 


three neck flask provided with reflux condenser was placed 1.5 distilled 
water. The water was heated boiling, followed introduction 4.5 o-phenylene 
diamine and 2-methyl-1,4-naphthoquinone. The solution turned bright red and after 
minutes red crystalline precipitate separated. After hour the hot reaction mixture was 
filtered off small amount red crystalline precipitate was also separated from the 
mother liquor cooling but was with oxide and 
other admixtures; therefore. was difficult The precipitate was removed from 
the filter and, after being treated with hot water, filtered again and washed repeatedly 
the filter with hot water. The weight the dry material was 4.5 The compound was re- 
tant weight 85°C and Product: bright orange crystals m.p. 


The analytical part the investigation was carried out collaboration with 
The sane results were obtained when the reaction was carried out atmosphere hydrogen. 


10.21. 


Found 73.27, 73.30, 73. 57; 5.29, 5.01, 


active hydrogen atoms, determined the method Zerevitinov -Terent’ ev, 
2.05. 


The product insoluble cold acid and alkali. When heated with acid alkali 
undergoes changes. The product readily soluble ac:tone and ether, and sparingly 
soluble alcohol. sparingly soluble cold glacial acetic when heated 
boiling dissolved with difficulty, developing first red coloration which, after 
few seconds changes dark violet precipitate. The latter insoluble acetone, 
benzene and hot glacial acetic acid. does not melt when heated 260°C. 


Oxidation azine derivative (VIII) 
0.5 the substance was dissolved the cold ml. glacial acetic acid 
and this solution was added 0.2 chromic anhydride first dissolved the cold 
ml. glacial acetic acid. The coloration the reaction mixture changed rapidly from 
brown-red gray-green. After minutes the reaction mass was poured into 200 ml. water 
which was then added 20% aqueous alkali solution. alkaline solution was extracted 
twice with ether. The ether extract was dried with sodium sulfate and the ether removed. 
Product °,5 light yellow substance which; after two recrystallizations from alcohol 
yielded white crystals 
The compound had properties identical with the azine derivative (IX), 
detail communication mixed sample both substances melted 


Found 73.79; 4.44. 
the compound under conditions described (VIII) (ex- 
periment yielded substance which after recrystallization from alcohol had 
m.p. was identical with the acetylated azine derivative (IX), described 
communication [11]. mixed sample both substances melted also 


three neck flask provided with reflux conienser and tube extending. 
the bottom the flask which was used for passing air during the experiment, was intro- 
duced 0.5 distilled water. The water was heated boiling and the azine 
derivative (VIII) obtained experiment was introduced. The boiling was continued for: 
hours and the red coloration the reaction mixture gradually changed yellow. The 
precipitate formed cooling was filtered off. Weight 0.€ The mother liquor was 
extracted twice with ether ether solution dried with sodium sulfate. After dis- 
tilling off the ether, additional 0.3 yellow precipitate was obtained which was 
combined with the precipitate mentioned above and recrystallized twice from alcohol using 
bone black. Yield 0.4 white crystalline compound m.p. 188-189°C, identical with 
that obtained the previous experiment. 


Formation azine derivative (IX) the process oxidative-hydrolytic 
cleavage oxide. 


Into three neck flask provided with reflux condenser and tube extending the 
bottom the flask, through which air was passed during the experiment, was placed 1.5 
distilled water. The water was heated boiling, followed the introduction 4.5 
o-phenylenediamine and 2-methyl-1,4-naphthoquinone oxide. The boiling was continued 
for hours. The reaction mixture developed red coloration which gradually changed 
yellow brown. Upon completion boiling, the reaction mixture was cooled and the brownish 
yellow precipitate was filtered off. Weight precipitate 4.5 Two recrystallizations 
from alcohol yielded white crystalline substance m.p. 188-189°C. The isolated 
compound had properties identical those the azine derivative (IX) described communi- 
cation mixed sample both substances melted 


. 
: 


study the oxidative properties oxide. 


Reaction with potassium todide. 0.1-0.2 oxide were ml. 
glacial acetic acid and 0.5 potassium iodide was added the solution. The reaction 
mixture was boiled flask fitted with reflux condenser for minutes, then cooled, 
diluted with 150 ml. water and the liberated iodine titrated with thiosulfate. 


substance: 16.28 ml. 0.1 


ether solution was dried with sodium sulfate, the ether distilled off and the residue dried 
vacuo constant weight. Product 0.1398 compound (m.p. 105°C), mixture 
with 2-methyl-1,4-naphthoquinone gave depression melting point. Yield: 98.3%. 


Reaction with the sulfate ferrous oxide. 0.5001 oxide was dissolved 
and ml. concentrated hydrochloric acid. The mixture was boiled flask provided with 
reflux condenser for 2.5 hours, then the acetone was distilled off and the solution was 
cooled. The yellow precipitate formed was distilled off. Weight 0.4472 g.; m.p. 


The product, mixture with 4-naphthoquinone gave depression the 
Yield 97. 8%. 


CONCLUSIONS 


proposed mechanism for the oxidative-hydrolytic cleavage 
quinone oxide has been investigated and experimentally confirmed. 
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